(19)B#S#fW (JP) 



(i2> & m m & 



(a) aimff-mm'Mkm^ 

#^2003-514612 
(P2003-514612A) 
(43)£^B 3flSl5^4^22H (2003. 4.22) 



(51) IntCl. 7 
A 6 1 B 18/12 
18/00 
18/18 
18/20 

A 6 1 M 25/04 



F I 

A 6 1 B 17/39 

A 6 1 M 25/00 

A 6 1 B 17/36 



3 2 0 

4 0 9 
3 5 0 
3 3 0 
340 



f-73-h*(##) 
4C0 2 6 
4C0 6 0 
4C1 6 7 



(± 60 H) 



(21)fflS## 
(86) (22)£BMB 

(85) lffl§W31fflB 

(86) H&tfig|#^ 

(87) H^@B#^ 
(87)SiS2sSIB 

(31) «5fcffcl£fi#*t 

(32) &&B 

(33) «5te»3fe5llH 
(81)Ji5£B 

DE, DK, ES, F 
T, LU, MC, NL 
F 



&M2001 -539363C P2001 -539363) 
2p^l2^11^22B (2000. 11.22) 
sfl&lW 5 £21 B (2002. 5. 21) 
PCT/EPOO/1 1 640 
WO 01/037746 
¥J&13^ 5 £31 B (2001. 5. 31) 
0 9/447, 1 82 
¥^imi)!22B (1999. 11.22) 

mm (us) 

E P (AT, BE, CH, CY, 
I, FR, GB, GR, I E, I 
, PT, SE, TR), CA, J 



(71)fflHA #Xh> ^^ytrJUvZ iJ3f 

in, 7?'ft>->t;i' u— tr^ 

7^y*^HH i'J7*^=7 95133, 
U-> ^ry? ?"WX 966 

(74)fSSA #S± ill* (M-2%) 



(54) Bggfi©^] ##:HPiscDftm&(^Hot^m«svyif>^*aqee-r5?£:ae»©^ff 



(57) mm 




(2) # * 2003-514612 

[ff^ill] /P^-C-feot, OT: 

[If ^9] ££>M, : 

[ft &m i o ] tfriE^K^Tf y a^mffimmmmmm* ^ ^ *-^» 



(3) #S 2003-514612 

1 0 fclBfcWT'n— ^ 0 

[ ft^JS 2 o ] MfZUm RTf g/Sf 5 y f >- ^ * ^ y b & , 4> 

ft< £ 2ocDm^^- ; etT,-€n5:^i-5^^< 20©^/^ >-%mz-z, 
m$zm 1 9 (cst©/p-^ 0 



(4) 2003-514612 

, kit 

im^m 2 3 ] mmm^m/m v a^mmmmmmmms. mm^im 

£if x. 5 , ft^ 2 3 }cfE«0 y tr ^ «t WMH^go 

3t$:<Hlx. S N If Mm 2 3 ^?5«cd^ y «£ USilgfc 

[ft*il2 6] £iT : 

SuiaJ^5S-5rtM*5S#:^)Mf5[^§|3{::>f4«i-5 % 
£r$t x. 5 , m^m 2 5 RiiBgjo-^ y tr >- J: tft£@§£1E. 

[WM2 7] gtflB»3R RTiBflKfiflc^ . #?Lff#l3t{££m<5, If ^2 

[Brats 3 o ] mmtfcm^m/m v ^mmmsmmmmK y—ym 



(5) 2003-514612 
, ftjfclf 2 1 lCtm<D "V y fcT is X WMSft, 

3 0 JCEftO-r jy fcf >- i O^IgSo 

, *j i tmis i ^.mw-nu^mn^mm^x^m^mx-h *> t>^ta 

3 0 ^lE^CO-v y t°lsJ?te£TJmm%iWo 

m&sia e ] mmy—ymmmK ttmmi&j:xtm2<Dx#<< uyb 
<D&M^m^<D&m^fc<gvx$fv^ti%, m^m3 s\z.tm.<D-?y 
x-o-mmmWo 

[it*ii 3 7] m^y—^w&mK m&R%*mm&&m*.s, mm 
3 o \zjm.<D^ y a- i/?te£xmm%m.o 

mm &m *. % , m&m 3 0 \^tm^ ? t° x xmrnwrn* 

l 39] ftrfS-v s> fc? >- ^fflfiiffctfs % m 6/£f t> *^ rTI ^ y t° 



(6) 2003-514612 

f»3£if 3 9 Ktm.(D^y fcV^iOTSt 
[ff^i!4 1 ] i^T : 

[»*9[4 5 ] ifria^-y*it^^ Striae i *s ±t>*n 2 (oscw^9^c 

ttrtastfJffirt^»^«i)&l52^f«p#S:#^, Mian l ^^^9>f ^> 

4 1 \zmm<Dzfv2-?\ 
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ff-^tLfc^^*ljm^»«-t"5o AVgjfiftfi, (l^cft THI S^J ) - 

Si fix 61icfclt5i#(J^ii^\ ^rt-C^«^6*J«f*»3i^B:*&— ftf^* 

5) ft, IIW^, V><o^(DR^/jN^^i4^*#, r^ibft, 
Iit»«tt5 0 ;i;ft,k<D/«ft, rffAIUS&J t» ;fe&<D<L\ROiISft 

[0 0 0 4] 

TOiRjwt^oa^^jgH it, 'bmmm&xrf'bmmm&mB-tzA* ft* 

7t, jktT^^^|5j|^J;^«wa*^a^^^m5c ^<bft*fc. 
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[0 0 0 5] 

fete, V\fc>#>5 r^^^Jli (maze procedure) J "T?fc 5 , ^^Lte 
[0 0 0 6] 

f^L#5, ^^-^^^OTi-5^#^JiR^*fc, M*Stb^o Millie 
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^KMffcT8~15^^f (2 0/ 3 — 3 8. 1 cm) '^#6U#5 C 
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v><o^M(-*5v>-cfi. ^^-^/^froia^fi, Jfef^«a»^issr#x.s 

, 6 0 9^iu|/T$Jlt^5 0 f& COM (21*5 WC* T/l/^fcfe. v"— 

#{CMt^5/V— ^Jgft^tLS.o -0-J:lt fflW6, 0 7 1, 7 2 9-51- 

—ymmztiZo ^o/w-yfitfe, ^H^fFjgs, 910, 12 9-^fE* 
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Ift-Cteftv^ t^^tLfc 0 jWfcftfcW:, V^r 

Mtsrtiaot, mMmmm^m^m-r^ ^ bi-±, mmx&z> 0 

[0 0 12] 

^ot, ^0j^»^*3v>t, ^mm^-b^ mm<D-we^y burnt (Dmx 
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&m~t 5 ft J$|fH» * ft. fiJl H fc*53E C 5 J: 5 fcffl V ^ h *l# 5 „ 

[0 0 2 2] 

tessw:, *wmmi (iiii M'Cf^flf) <z5iw, EWfcioT, *wsH^sai»© 

flf, **:W:HiJ»flf»tJ:oTatfi!i*n»«o M^W^fW^n-:/^ *S#fF 
16, 0 7 1, 2 8 1ft'||^$^„ 
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Vf"-iBl8^^ (10. 2 — 4 5. 7 cm) ~CfoZ> 0 r*Ui. A £ 

*L57J^— 7VW;£# (fti^tft2 3~5 5^yf|: (58. 4~139, 7c 

m) ) ^imit ©mi^5 ^ b^5WMi^rit«v\ ^©i/t 

Y fit, gf Lfc £ # ^J*fajg« (springing back) :ift<, B?M 
S®K:-Hfri*5< (n<) fcrt*Uffc£>&v\, fe^wM£<7)>^:7 Hi N ft if 
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[0 0 2 4] 
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#7^-tvH Ofi, (iili, IKMfl3^ 

^«a*o p e b a x (&smM) y d^x$k) , ^y^u 
>\ t-fcritfy pis*}') ^Lt^L<!i|]5 7uyf~fi 

<D#7-— t-A'&#1 2 ft, JttSiftMV^Mtt^MIt (^H^I§.^P e b a x ( 

bax (smmio ^b^5 2oo^©iii^tt5„ jfitegB# 

o-C«£$g£— »tz:g53|H4fc*S^*H»5 CWi Ftl (but t b 
ond) tRMfrSj ) 0 2(DmtL^\±, ^^f>14fcB£ 

[0 0 2 5] 

&wwmmfti 6 (*f-f^*i 2cDjiH^-a-^^- ; ebTgH«$tL5 

«@#:|*3K:BB1I:£*i53£S2 2&ifiCTl«BriKB&@ft:i 6 tft«t5. EE;fctt 
, SI l ^«^§tb*ia:3R$ixfc^fc, SfcKRTIBKBft: l 6 &m&t& «t 5 13$ 

^^tL5o ~£>J±7Jf;£, *g*flftd{£< (5ps % ^VXBm<DmM<DU 

[0 0 2 6] 
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fc*£«Rr!B»Hfl: l 6 f±04 L < W\ #^-tvI^{$ l 2 o5tfifc3fe*3&»fe*S 3 c 
m~^j5 cmCEfJJl, ^UtrcDlStt, iff "9 tlt'l) 2 mm~^ 6 m 
m^W> ^LTte3S« t*|]10mm~|]3 0mm©l-e 

'i&ra- m x. «\ y = - i y y ^ ^ >o „ m^ett^ l 

iMSfW (fll*.^ t>fny , Pebax , tfy^U 

^Ssit^y^Tvi.) ^*feffiv>fcn»So *£35"5j#^M#:fi. iff «9 

Sflei 6(4, BfctfcJ&RSrWi-Stf*, ffi©^ (09*. tf, Pi*H£l^ 
[0 0 2 7] 

[0 0 2 8] 
[0 0 2 9] 

in*, ts^x^yf (fjin M*^fL7tm«*f2 e) as, mmnmmm 
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mmtt 2 6*3i n^mmmM 2 8it ^n^mmsMW- 32, 3 4 & £ 3 6 

10 0 3 0] 
[0 0 3 1] 

^3 kiMfcov^TJ^^ns «t 5 ££3€<7V^^;y 7VL-4 6 (Mi 

(3f N EP Technologies, Inc. (San Jose, Cali 
f o r n i a) ^£ <9®Bt£tb£C onstellation (gfei&BD 

/^fry h 5 0&^7jq^;/K^/«M=t^^— 5 2|:fi5 0 ^cD^^-^y 

TOf4&*m (iill N i t i no 1 (5£MHf) ^JR, x-T^W^^fcfi 
v-y n-i/rfi,) ^bf^K^^ ^tltli, ^^ry h 5 0 £D^^[r]WcoM "9 

8 km$* j rv'76 0 iOPfl^ #^Ofc^^*§|o§Sofc (pret 
e n s e d) U'^bT^tUb^ftfe 
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[0 0 3 2] 

03 JcH^^tl/SM^^J^^^y b5 0li, -?r(D-<— V^i^Jo XXF^ry 

5 6*3z.g?i-Z>4o<DXZf74>5 A^m^ a s^try b 5 Ofi^fc, HJt^ 

B#fPB5, 8 2 3, 1 8 9^C|S^$KSo 
[0 0 3 3] 

[0 0 3 4] 

#M^6 2-C^^^tL5 0 #^-yvl-6 2?^ #< (Dm&X-m 1 ~3 KHH^£ 
[0 0 3 5] 
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ufc^^ii^-rSo row (rtui. &A/ii^- m 8*3itj«sft^je 

2 0 m 2 ) ^fflo Tffclt £ iP22iat) i£^"5If£#?U±M 6 4 (cA5 

2. 3mm^5. 3 mm t <Dffl(DWM) fab, ^COfe^Sbfc^S (IllOmm 
i|]3 0mmiOi) 
[0 0 3 6] 

\ ti2'4 ( ?M^:feJ;T^#Jl!f&m*t2 8tt, 1^13 2, 3 4*5j;^3 6}C 
*3ft53M*^IS3 8£ilo-c^£tL5 (Hl2{^g) „ fi£31-5rii^#?H4«fii 

[0 0 3 7] 

?L6 8f±. «®2 4^^«2»t4W^iloT, #?Lt£«ffi 6 4 ©^1©^ 

h y *^«&&^i-3i*ag&afe£*ig& (*& 2 0 %nA/mm tmiz uv\ 

*5S^S^:^7K^^{4> *t 1 5 0 o hm • c m^jM<Z)^^oJ;tJ^5 0 0 o h 
m • cm<D>bm5Ml&&ibkt%iVX, t>T faffi 5 o hm • c m^V^^C^-r 

Mft* y -f^vli^M?:^ 1 mE q/#«fc 19 T 
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[0 0 3 8] 

4*>ttm (control) mm (^mm^mji^-r^) rnm-^mt 

[0 0 3 9] 

#?U4WE6 4Sr«§JoTilW$H«ISt)«f«H"So ?L6 8^CM^5^t 

fit, ^LTRFJl^^OTcora^^-r^t-tum^iili-So M^nfcRFf 

(return) kM&* ~ <£>M 9 Wfsfii, tt2t#}\znW&'* *y <?-WB ( 

£fcjg£tte«fc!> (ohmi ca 1 1 y) ) Mt-C.tt^i^*, -^LT^ 
[0 0 4 0] 

&SRT|g*^ 6 4 ©ft LV^Wtt, ^WttfclTM T Kp yfWfc* UT*3 
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[0 0 4 1] 

WB-M LT, J£«Brtl*#7U4«« 6 4 <z>^?Lt£«< 6 6 fi, L < ft, 

-f 5 #7Ktt#3fsf t * fc{£ffi $ *i# 5 o M?L'f4iMte, 3; L < fit, Jfc««j#ttO 
*TJ(Bf. (Mitf, ^Dn^i^HyT'^) d»fc^*^5o La»U fife 
CO J; Vm^OXDtfm Nylon , P e b a x (gftjgf 

tL#s 0 - r -?\ ffisttmtt&ii&mm q 4 m*.i£& 6 to^^s «t 5 f- 

10 0 4 2] 

mmn&5 s^xx^m^^^^e of*, #>r ^^^^4 4n>m^xmn^ma 

[0 0 4 3] 

CO J; 5 ^^T' — 7VH4, 0 3 a fcl*5V^#fl8gfe#=l 0 3 .TM^^o 

m&xs^d-y h tm^^xmrn^fh^^x^K, m4~6izm^£ti%% 
,W4 6' -cuasstts; "" 
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[0 0 4 4] 

teKRTte^oJf «J**pT|i«;^©$ bft5ff«4^M?4, device 
s and Methods for Creating Lesions i 
n Endocardial and Surrounding Tissue 
to Isolate Arrhythmia SubstratesJ tM 
-rZ^m&Wfmm^MO 8/9 8 4, 4 1 4t, ^H#fF!?5, 3 6 8, 5 9 
l-^fc±t>**H#frB5, 9 6 1, 5 1 3^-}CH^$tbS 0 
[0 0 4 5] 
(III. 

7VW6f4, ^f-f;^7 8^Ii, ZLCDXT— 8(4, 3g<|£$£fc 
*5VNT^fcf4^M05fi#T^f U ^"Tfg^^-7 Q «5tl$:8 0 I© 
7-^M«t8 0^L"r, MMIfi (M?U4\ 0#M) igftUio 
£iJbO#«Sm«r^b#5„ M;L{4\ 7-^ii*8 0S:«fflLt, tK&0N 

0{4, *Itt»07-^W^8 4, —ft<Dm&3tFrxy74 y86fc 

fc3V^4, SPJjf, fflRff^fc{^oai(^S^ttf ©ft© 2 &tc^ L< (4 
3.2fc5c?^K-C*)D#S 0 ^#^^°7-f V8 6*3,fctf8 8 <D5fc*H:, 9 

SMI*., r©/w-^{4, H9fcB(^$ix5aK:-e, 7— -f^^-i >8 4(DMfc 

8 6*54t>*8 8 C0»J^#ibf4, «!8 2 {31 ± t> B&ih $ H5„ 
[0 0 4 6] 

M^K^ff«9 »^RTIB7— 7TH3ftft:8 0 f4, miiL^W^V 4 ^ 8 6*5iTJ«i£ 

HJfe^J&fc^-C, *f-7«7 8tt, mtL-%m^"7^ V8 6 *5 «fc tflSMfc 
4 is & 8Srr<D«^:-e^»-^5 ipl«$^5 0 4<9f¥*ffl^{4, # 
7 814. '*— ^©;fr^— ^l^'ftflS&f 9 0*3 ±0*9 2 ^tL^ 



(23) 2003-514612 

fit, 2v>^b"C^SIjBrtBT?&5„ *r-r;^frM9 0fcit;9 2fi, 
ffJtWPWTf&So 3s{i^#^^^^ ^8 6 r±, *7-f;^W9 0l:lt$ 

T#Sj£tLT N 7-^«3t#:8 0Srlff«5*tfo S^IrI <DWmih\t, ^«3t 

[0 0 4 7] 

*3 £ TfiE&3tWx -?*7 4 is 8 8 XX „ # ^—TVl^ftWt 9 0 *5 J; XJ^^J^T"' — TVl'vfc 
7°7^>'8 6feit;ira^7°7^y8 8!t £F£b<H Tl/TJ— y >^9 

4*3^rj?9 6i^#7 hmmzn. ^ttr©7y*-yy^ii ^ixn 

[0 0 4 8] 

7—^x79^^8 4, 5s{£3d^^7-f ^8 6*5iOT{S;^^^9-l' ^8 
8tt, £?l£L< fl^JJttO, £#I^lftW^t4ft*m (iilf, N i t i n o 1 

y8 4it $J1 0mm~^3 0mm©ilit'fc5 o #7^— 7VKfc#:g|3$t 9 0*3i 

ebax diss) , jKyx^i^y, ^fcft^y ^7 1-^^) 

o BWMMm^MWzMMK&v^T, Z.<D#T— f;l/*f*W9 OH JKJ1. 5 
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[0 0 4 9] 

^^y^i/fi, £?;£L< (4, £{«1^t£*° y ■v-TO (Mifl P e b a x ( 
fcL<iiNy 1 on (Sftftffi) ) ^fc^§tb5 ^Wv^o M 

*3V^Tj»aft$tL5) ?4, W^ililU ^ LT^f-f^* W 9 0 ©f EfcA 

[0 0 5 0] 

AMiftft^^HVl/9 8 {4, 2*5iWa^ir^f-8 3^^(0^1117 -r^r^fc 

&^il$jft®^»ng|3 (^ltv^i^) £^l-5^>- kvp;£$:i o o, ✓M'K/i' 
^h^l02, /^W:of^^M0 4^fx.^ rw^^ K/v^:^l 0 0 

, tr* h^i o 2*5J;tj?o^^i/^ b 1 0 4is, &&v< tttttfifeOnxT'^^^y 

V^l^fcMOja-gO^S^rffiv^-Co*^^ MO 4±<otM*iWSR6feK3l*l 0 
5{C@^^tL5 0 :©*f- ^M:ffcas#9 0{4, #7^— TVl^MW 9 2 Sril 
19, If* h^l 0 2{C;fc^T7?^£;ft3WB££il<9, ^U/NyK«10 0 

£%&{t*U4@^£*L, T^#— 1 0 6^tlift:{4, »C10 

8 tztznm<Dmffi£^/*4 xT*Mffi\z{%wztiZ) e ^<d^t— t^w^us o 

G9{i«f4, ✓M'hVH 0 0^*fLT^£tL, ^Ut^ b^l 0 2*54t«5: 
§13^9 2(4, fc°* h y ^i/5>t ' i t*f-r«M 9 OKMl-X&mZtl 
[0 0 5 1] 

1217, 8*5j;i^i 0 Km^zfhzmm&ite^i' 9 s^rtst^ h^i 0 
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tlS^Il l 2 t^t5, »C1 lOt^r-Sl 1 2i©^©*^!4 

— mi 1 2cDft£f4, l<J0. (1. 9cm) fiO. 3 75 

Als^frhmi . 5-f>^ (1. 0 — 3. 8 cm) c^|g[g-(?fei9#5 0 

K ^T^fi^tL2)^co^Px.TO y *fc{4Miat°^ h^y y^s, 
[0 0 5 2] 

i-&J±mx-7V 1 4 fcf* h^l 0 2^^|r] 

0 2 mi i^irn^ ^iv^ot&i^^s. mm^v 1 4(4, 
tr* h^i o 2©aasastat^iBoaa«p-&i 1 6 iow^ga* ^tL^c ja§* 

^y 1 4tJ;ott^ 0 2f£f^£;ft3ttf^<Dfc&fc N tfx 

[0 0 5 3] 

^ h^l 0 2Srf^Ki-5^:«>fcffiffi$n»S, ^oo!)^ll8liffc, t°x 
b>-^ffl#4-r5^^KCo 114 t^coM^b 0 ^ h^l 0 2<DM 

— *f<^T e f 1 o n (SftiSIR) n y K 1 2 0 Srfltit^- ~ *Ui, ✓M' K/u 

f l on (S&ffi&Q pyKl2 0^ ejc^^tLfcpmte^^ftb, titty 

[ 0 0 5 4] 



(26) #12 0 0 3-5 1 4 6 1 2 

M&ffytZJJT-^-T-A' 7 6(4. #V K^tl 2 2 (#^— r/ls%ifcntt9 0 (D 

«f-i£fcf4#ij« £ 

[0 0 5 5] 

ifi4:»^i-5fe»^ffl$n#5o HI 1 1 (-Mofc£(<:M^£*i5 4 5 
(D^^^^ry — 7VH 2 4 (fjill EP Technologies, I 

nc. in Sun Jose, California K 4 o TMas^tLfc C o 
nstellantion ^^^y h#7"— TAs) (4, j&tfcfr-r-— 

^A^Ptr9 0OWJS^L-Cit^btL#S= :©^^ry f/H 24|i 

, ^§*L5J:5»c^ KlM-^rl 2 2±Sr3i«>feix»5ja\ r<D#V K 17 -fir (4 
, s^x-fry h*7-~~ 7vKD# AlW(-, *f-f;^#:W^ ©ffE^tt ?) 

[0 0 5 6] 

M^Wft'^ ^ hi7-r— 2 4(4, jBBS^t 1 — ^/v^fr 1 2 6, Tyf 

i/jf&xu/^tznmm^xtrv m 2 s/iW^yFVtin^^- ( 

S*£-f) ^ii5o El 3 £#1181-3 _hSBtfV**£- 3, b 5 0 Oi 5 (-, 
s<Xfry M 2 8(4. 4ocD^f ^OTJ^tLfc^^7-f^l 2 9^f rtl 
(4, #*L<tt, #;ftftft£4^lft#AWf (Mxl(4\ Nitinol (S®^ 
AO Wk ^^^u^^^fc(4v-y a-y^A) a»kftsR£*x5. 

12 9(4, 2fl©til3 0MU •eLX'<^Ml3 2t^i'77 s 

1 3 4 b<Dm<Dm&faft^xmzumvtc.m&-v3iW&tiz> 0 s<xtry 
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[0 0 5 7] 
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APPARATUS FOR MAPPING AND COAGULATING SOFT 
TISSUE IN OR AROUND BODY ORIFICES 

BACKGROUND OF THE INVENTIONS 

1 . Field of Inventions 

The present inventions relate generally to medical devices that support 
one or more diagnostic or therapeutic elements in contact with body tissue 
and, more particularly, to medical devices that support one or more diagnostic 
or therapeutic elements in contact with bodily orifices or the tissue 
surrounding such orifices. 

2. Description of the Related Art 

There are many instances where diagnostic and therapeutic elements 
must be inserted into the body. One instance involves the treatment of cardiac 
conditions such as atrial fibrillation and atrial flutter which lead to an 
unpleasant, irregular heart beat, called arrhythmia. 

Normal sinus rhythm of the heart begins with the sinoatrial node (or 
"SA node") generating an electrical impulse. The impulse usually propagates 
uniformly across the right and left atria and the atrial septum to the 
atrioventricular node (or "AV node"). This propagation causes the atria to 
contract in an organized way to transport blood from the atria to the 
ventricles, and to provide timed stimulation of the ventricles. The AV node 
regulates the propagation delay to the atrioventricular bundle (or "HIS" 
bundle). This coordination of the electrical activity of the heart causes atrial 
systole during ventricular diastole. This, in turn, improves the mechanical 
function of the heart. Atrial fibrillation occurs when anatomical obstacles in the 
heart disrupt the normally uniform propagation of electrical impulses in the 
atria. These anatomical obstacles (called "conduction blocks") can cause the 
electrical impulse to degenerate into several circular wavelets that circulate 
about the obstacles. These wavelets, called "reentry circuits," disrupt the 
normally uniform activation of the left and right atria. 

Because of a loss of atrioventricular synchrony, the people who suffer 
from atrial fibrillation and flutter also suffer the consequences of impaired 
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hemodynamics and loss of cardiac efficiency. They are also at greater risk of 
stroke and other thromboembolic complications because of loss of effective 
contraction and atrial stasis. 

One surgical method of treating atrial fibrillation by interrupting 
pathways for reentry circuits is the so-called "maze procedure" which relies on 
a prescribed pattern of incisions to anatomically create a convoluted path, or 
maze, for electrical propagation within the left and right atria. The incisions 
direct the electrical impulse from the SA node along a specified route through 
all regions of both atria, causing uniform contraction required for normal atrial 
transport function. The incisions finally direct the impulse to the AV node to 
activate the ventricles, restoring normal atrioventricular synchrony. The 
incisions are also carefully placed to interrupt the conduction routes of the 
most common reentry circuits. The maze procedure has been found very 
effective in curing atrial fibrillation. However, the maze procedure is 
technically difficult to do. It also requires open heart surgery and is very 
expensive. 

Maze-like procedures have also been developed utilizing catheters 
which can form lesions on the endocardium (the lesions being 1 to 15 cm in 
length and of varying shape) to effectively create a maze for electrical 
conduction in a predetermined path. The formation of these lesions by soft 
tissue coagulation (also referred to as "ablation") can provide the same 
therapeutic benefits that the complex incision patterns that the surgical maze 
procedure presently provides, but without invasive, open heart surgery. 

Catheters used to create lesions typically include a relatively long and 
relatively flexible body portion that has a soft tissue coagulation electrode on 
its distal end and/or a series of spaced tissue coagulation electrodes near the 
distal end. The portion of the catheter body portion that is inserted into the 
patient is typically from 23 to 55 inches (58.4 to 139.7 cm) in length and there 
may be another 8 to 15 inches (20.3 to 38.1 cm), including a handle, outside 
the patient. The length and flexibility of the catheter body aliow the catheter to 
be inserted into a main vein or artery (typically the femoral artery), directed 
into the interior of the heart, and then manipulated such that the coagulation 
electrode contacts the tissue that is to be ablated. Fluoroscopic imaging is 
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used to provide the physician with a visual indication of the location of the 
catheter. 

In some instances, the proximal end of the catheter body is connected 
to a handle that includes steering controls. Exemplary catheters of this type 
are disclosed in U.S. Patent No. 5,582,609. In other instances, the catheter 
body is inserted into the patient through a sheath and the distal portion of the 
catheter is bent into loop that extends outwardly from the sheath. This may be 
accomplished by pivotably securing the distal end of the catheter to the distal 
end of the sheath, as is illustrated in U.S. Patent No. 6,071,279. The loop is 
formed as the catheter is pushed in the distal direction. The loop may also be 
formed by securing a pull wire to the distal end of the catheter that extends 
back through the sheath, as is illustrated in U.S. Patent No. 5,910,129. Loop 
catheters are advantageous in that they tend to conform to different tissue 
contours and geometries and provide intimate contact between the spaced 
tissue coagulation electrodes (or other diagnostic or therapeutic elements) 
and the tissue. 

Mapping baskets, which may be carried on the distal end of separate 
mapping catheters, are often used to locate the reentry pathways prior to the 
formation of lesions. Exemplary mapping baskets are disclosed in U.S. Patent 
No. 5,823,189. Additionally, once the lesions have been formed, the mapping 
baskets are again used to determine whether the lesions have successfully 
eliminated the reentry pathways. Mapping baskets are superior to 
conventional diagnostic catheters because mapping baskets do not need to 
be steered to a variety of sites within a bodily region such as the pulmonary 
vein during a diagnostic procedure and, instead, can perform a diagnostic 
procedure in a single beat from a single location. 

The use of a mapping catheter in combination with a soft tissue 
coagulation catheter can, however, be problematic. For example, when a 
mapping catheter is used in combination a soft tissue coagulation catheter, a 
pair of transseptal punctures (or a single relatively large puncture) must be 
formed in the atrial septum so that the catheters can be advanced from the 
right atria, through the fossa ovalis and into the left atria. Two punctures (or a 
relatively large single puncture) must also be formed in the femoral vein. In 
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addition, the time required to manipulate two catheters into their respective 
positions can lead to prolonged periods of fluoroscopy. 

The issues associated with the combined use of mapping and 
coagulation catheters notwithstanding, one lesion that has proven to be 
difficult to form with conventional catheters is the circumferential lesion that is 
used to isolate the pulmonary vein and cure ectopic atrial fibrillation. Lesions 
that isolate the pulmonary vein may be formed within the pulmonary vein itself 
or in the tissue surrounding the pulmonary vein. Conventional steerable 
catheters and loop catheters have proven to be less than effective with 
respect to the formation of such circumferential lesions. Specifically, it is 
difficult to form an effective circumferential lesion by forming a pattern of 
relatively small diameter lesions. 

Accordingly, the inventors herein have determined that a need exists 
for a device that is capable of both mapping and coagulating tissue. The 
inventors herein have further determined that a need exists generally for 
structures that can be used to create circumferential lesions within or around 
bodily orifices. The inventors herein have also determined that a need exists 
for a device that can both map the pulmonary vein and create lesions within or 
around the pulmonary vein. 

SUMMARY OF THE INVENTION 

Accordingly, the general object of the present inventions is to provide a 
device that avoids, for practical purposes, the aforementioned problems. In 
particular, one object of the present inventions is to provide a device that can be 
used to create circumferential lesions in or around the pulmonary vein and 
other bodily orifices in a more efficient manner than conventional apparatus. 
Another object of the present invention is to provide a device that can be used 
to both map the pulmonary vein and create lesions within or around the 
pulmonary vein. 

In order to accomplish some of these and other objectives, a probe in 
accordance with one embodiment of a present invention includes a support 
body, an expandable/collapsible tissue coagulation structure supported on the 
support body, and a mapping structure. The mapping structure may be 
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supported on the support body distally of the expandable/collapsible tissue 
coagulation structure or, alternatively, passable through a lumen in the 
support body so that it can be advanced beyond the distal end of the support 
body. Such a probe provides a number of advantages over conventional 
apparatus. For example, the combination of the tissue coagulation structure 
and the mapping structure allows the physician to perform a mapping and 
coagulation procedure with a single instrument, thereby eliminating the 
aforementioned problems in the art. The mapping structure may also be 
positioned within the pulmonary vein or other orifice during a coagulation 
procedure and serve as an anchor to improve the accuracy of the placement 
of the coagulation structure. Additionally, the expandable tissue coagulation 
structure is especially useful for creating circular lesions in and around the 
pulmonary vein and other body orifices. 

In order to accomplish some of these and other objectives, a probe in 
accordance with one embodiment of a present invention includes a support 
body defining a longitudinal axis, an expandable/collapsible hoop structure 
defining an open interior region and supported on the support body, at least 
one operative element supported on the expandable/collapsible hoop 
structure. Such a probe provides a number of advantages over conventional 
apparatus. For example, in an implementation where the operative element 
consists of a plurality of spaced electrodes, the hoop structure can be readily 
positioned such that the electrodes are brought into contact with tissue in or 
around the pulmonary vein or other bodily orifice. The hoop structure also 
defines an open region that allows blood or other bodily fluids to pass 
therethrough. As a result, the present probe facilitates the formation of a 
circumferential lesion without the difficulties associated with conventional 
apparatus and does so without the occlusion of blood or other fluids. 

The above described and many other features and attendant advantages 
of the present inventions will become apparent as the inventions become better 
understood by reference to the following detailed description when considered in 
conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Detailed description of preferred embodiments of the inventions will be 
made with reference to the accompanying drawings. 

Figure 1 is a side cutaway view of a probe in accordance with a 
5 preferred embodiment of a present invention. 

Figure 2 is a section view taken along line 2-2 in Figure 1. 

Figure 3 is a side view of the probe illustrated in Figure 1 in 
combination with a probe that supports a mapping basket. 

Figure 3a is a side view of a probe similar to the probe illustrated in 
10 Figure 1 with an integral mapping basket. 

Figure 4 is a side view of a probe in accordance with a preferred 
embodiment of a present invention. 

Figure 5 is a cutaway view of a portion of the probe illustrated in Figure 

4. 

15 Figure 6 is a side view of a porous electrode illustrated in Figure 4 with 

fold lines added thereto. 

Figure 6a is a side view of a probe similar to the probe illustrated in 
Figure 4 with the mapping basket mounted on a separate probe. 

Figure 7 is a side view of a probe in accordance with a preferred 
20 embodiment of a present invention. 

Figure 8 is a partial side view of the probe illustrated in Figure 7 in a 
collapsed orientation. 

Figure 9 is a partial perspective view of a portion of the probe 
illustrated in Figure 7. 

25 Figure 10 is a side, partial section view of the probe handle illustrated 

in Figure 7. 

Figure 11 is a side view of the probe illustrated in Figure 7 in 
combination with a probe that supports a mapping basket. 

Figure 11a is a side view of a probe similar to the probe illustrated in 
30 Figure 7 with an integral mapping basket. 

Figure 12 is a side view of a probe in accordance with a preferred 
embodiment of a present invention. 
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Figure 13 is a partial perspective view of a portion of the probe 
illustrated in Figure 12. 

Figure 14 is a side view of the probe illustrated in Figure 12 in a 
collapsed orientation. 

5 Figure 14a is a side view of the probe illustrated in Figure 12 in 

combination with a probe that supports a mapping basket. 

Figure 14b is a side view of a probe similar to the probe illustrated in 
Figure 12 with an integral mapping basket. 

Figure 15 is a side view of a probe in accordance with a preferred 
10 embodiment of a present invention. 

Figure 16 is a perspective view of a probe in accordance with a 
preferred embodiment of a present invention. 

Figure 17 is an exploded perspective view showing certain elements in 
the probe illustrated in Figure 16. 
15 Figure 18 is perspective view of one of the structural members that 

forms the hoop structure illustrated in Figures 16 and 17. 

Figure 19 is a perspective view of a probe in accordance with a 
preferred embodiment of a present invention. 

Figure 20 is a perspective view of a probe in accordance with a 
20 preferred embodiment of a present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following is a detailed description of the best presently known modes 
of carrying out the inventions. This description is not to be taken in a limiting 
25 sense, but is made merely for the purpose of illustrating the general principles of 

the inventions. 

The detailed description of the preferred embodiments is organized as 
follows: 

I. Introduction 
30 II. Inflatable Structures 

III. Hoop Structures 

IV. Hoop Structure Electrodes, Temperature Sensing and Power 
Control 
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The section titles and overall organization of the present detailed 
description are for the purpose of convenience only and are not intended to limit 
the present inventions. 
I. introduction 

The present inventions may be used within body lumens, chambers or 
cavities for diagnostic or therapeutic purposes in those instance where access 
to interior bodily regions is obtained through, for example, the vascular system 
or alimentary canal and without complex invasive surgical procedures. For 
example, the inventions herein have application in the diagnosis and 
treatment of arrhythmia conditions within the heart. The inventions herein also 
have application in the diagnosis or treatment of ailments of the 
gastrointestinal tract, prostrate, brain, gall bladder, uterus, and other regions 
of the body. 

With regard to the treatment of conditions within the heart, the present 
inventions are designed to produce intimate tissue contact with target 
substrates associated with various arrhythmias, namely atrial fibrillation, atrial 
flutter, and ventricular tachycardia. For example, the distal portion of a 
catheter in accordance with a present invention, which may include diagnostic 
and/or soft tissue coagulation electrodes, can be used to create lesions within 
or around the pulmonary vein to treat ectopic atrial fibrillation. 

The structures are also adaptable for use with probes other than 
catheter-based probes. For example, the structures disclosed herein may be 
used in conjunction with hand held surgical devices (or "surgical probes"). The 
distal end of a surgical probe may be placed directly in contact with the 
targeted tissue area by a physician during a surgical procedure, such as open 
heart surgery. Here, access may be obtained by way of a thoracotomy, 
median sternotomy, or thoracostomy. Exemplary surgical probes are 
disclosed in U.S. Patent No. 6,071,281. 

Surgical probe devices in accordance with the present inventions 
preferably include a handle, a relatively short shaft, and one of the distal 
assemblies described hereafter in the catheter context. Preferably, the length 
of the shaft is about 4 inches to about 18 inches (10.2 to 45.7 cm). This is 
relatively short in comparison to the portion of a catheter body that is inserted 
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into the patient (typically from 23 to 55 inches (58.4 to 139.7 cm) in length) 
and the additional body portion that remains outside the patient. The shaft is 
also relatively stiff. In other words, the shaft is either rigid, malleable, or 
somewhat flexible. A rigid shaft cannot be bent. A malleable shaft is a shaft that 
can be readily bent by the physician to a desired shape, without springing back 
when released, so that it will remain in that shape during the surgical procedure. 
Thus, the stiffness of a malleable shaft must be low enough to allow the shaft to 
be bent, but high enough to resist bending when the forces associated with a 
surgical procedure are applied to the shaft. A somewhat flexible shaft will bend 
and spring back when released. However, the force required to bend the shaft 
must be substantial. 
II. Inflatable Structures 

As illustrated for example in Figures 1 and 2, a catheter 10 in 
accordance with a preferred embodiment of a present invention includes a 
flexible catheter body 12 that may be formed from a biocompatible 
thermoplastic material such as braided or unbraided Pebax® (polyether block 
emide), polyethylene, or polyurethane, and is preferably about 5 French to 
about 9 French in diameter. Preferably, the catheter body 12 will have a two 
part construction consisting of a relatively short flexible distal member (formed 
from unbraided Pebax®) and a longer less flexible proximal member (formed 
from braided Pebax®). The proximal and distal members may be bonded 
together with an overlapping thermal bond or adhesive bonded together end 
to end over a sleeve in what is referred to as a "butt bond." The proximal end 
of the catheter body 12 is secured to a handle 14. An expandable (and 
collapsible) coagulation body 16 is mounted near the distal end of the catheter 
body 12. As described below, the expandable coagulation body 16 may be 
heated to a temperature that will cause soft tissue in contact with the 
coagulation body to coagulate. 

The expandable coagulation body 16, which is bonded to and disposed 
around the catheter body 12, can be inflated with water, hypertonic saline 
solution, or other biocompatible fluids. The fluid is supplied under pressure to 
the catheter 10 through an infusion/ventilation port 18. The pressurized fluid 
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travels to and from the expandable coagulation body 16 through a fluid lumen 
20 in the catheter body 12 and an aperture 22 located within the expandable 
coagulation body. Pressure is maintained to maintain the expandable 
coagulation body 16 in the expanded orientation illustrated in Figure 1. The 
pressure should be relatively low (less than 5 psi) and will vary in accordance 
with the desired level of inflation, strength of materials used and the desired 
degree of body flexibility. The fluid may be removed from the expandable 
coagulation body 16 by applying a suction force to the infusion/ventilation port 
18. 

For applications associated with the creation of lesions in or around the 
pulmonary vein, the exemplary expandable coagulation body 16 is preferably 
located about 3 cm to about 5 cm from the distal tip of the catheter body 12 
and the diameter is between about 2 mm and about 6 mm in the collapsed 
state and between about 10 mm and about 30 mm in the expanded (or 
inflated) state. Suitable materials for the expandable coagulation body 16 
include relatively elastic thermally conductive biocompatible materials such as 
silicone and polyisoprene. Other less elastic materials, such as Nylon®, 
Pebax®, polyethylene and polyester, may also be used. Here, the expandable 
coagulation body will have to be formed with fold lines. [Note the discussion 
below concerning fold lines with respect to the exemplary embodiment 
illustrated in Figure 6.] Additionally, although the exemplary expandable 
coagulation body 16 has a spherical shape, other shapes, such as a tear drop 
shape, a cylindrical shape, or a prolate ellipsoid, may also be employed. 

A fluid heating element is located within the expandable coagulation 
body 16. In the preferred embodiment illustrated in Figures 1 and 2, the fluid 
heating element is an electrode 24 that is mounted on the catheter body 12. 
Alternatively, a bi-polar pair of electrodes may be used to transmit power 
through a conductive fluid, such as the aforementioned isotonic saline 
solution, to generate heat. The temperature of the fluid may be heated to 
about 90 °C, thereby raising the temperature of the exterior of the expandable 
coagulation body 16 to approximately the same temperature for tissue 
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coagulation. The electrode may be formed from metals such as platinum, gold 
and stainless steel. 

The expandable coagulation body 16 tends to produce relatively 
superficial lesions. As such, it is especially useful for creating lesions within 
the pulmonary vein. 

The temperature of the fluid is preferably monitored for power control 
purposes. To that end, a temperature sensing element, such as the illustrated 
thermocouple 26, may mounted on the catheter body 12 within the 
expandable coagulation body 16. A reference thermocouple 28 may be 
positioned near the distal end of the catheter body 12. Alternatively, a 
thermistor or other temperature sensing element may be used in place of the 
thermocouple and reference thermocouple arrangement. The electrode 24, 
thermocouple 26 and reference thermocouple 28 are respectively connected 
to an electrical connector 30 by electrical conductors 32, 34 and 36 which 
extend through a conductor lumen 38 in the catheter body. The connector 30 
may be connected to a suitable RF power supply and control apparatus. 

The exemplary catheter body 12 illustrated in Figures 1 and 2 also 
includes a central lumen 40 that is associated with a central port 42. The 
purpose of the central lumen is essentially two-fold. The central lumen 40 
serves as a guidewire lumen when the probe 10 is being directed to a bodily 
region of interest such as the pulmonary vein. A guidewire 44 is first directed 
into the bodily region in conventional fashion and the probe 10 is then 
advanced over the guidewire. A relatively short introducer sheath may be 
used to facilitate insertion of the catheter 10 into the vasculature. Alternatively, 
a sheath which extends to the anatomical region of interest may be used. 
Once the probe reaches the bodily region of interest, the guidewire 44 may be 
removed so that the lumen can be used for its other purpose, which is to 
provide a passage to the bodily region for another device. 

As illustrated for example in Figure 3, a conventional basket catheter 
46, such as the Constellation® basket catheter manufactured by EP 
Technologies, Inc. in San Jose, California, may be advanced through the 
central lumen 40. The exemplary basket catheter 46 includes an elongate 
catheter body 48, a mapping and/or coagulation basket 50 and a 
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handle/electrical connector 52. The basket may include two to eight electrode 
supporting splines 54 and one to eight electrodes 56 on each spline. The 
splines 54, which are preferably made of a resilient, biologically inert material 
such as Nitinol® metal, stainless steel or silicone rubber, may be arranged 
either symmetrically or asymmetrically about the longitudinal axis of the 
basket 50. The splines 54 are connected between a base member 58 and an 
end cap 60 in a resilient, pretensed, radially expanded condition, to bend and 
conform to the endocardial tissue surface they contact. 

The exemplary basket 50 illustrated in Figure 3, which is intended to be 
inserted into the pulmonary vein for pacing and mapping thereof, includes four 
splines 54 that respectively support two electrodes 56. The basket 50 also 
has a substantially elliptical shape and is between about 20 mm and about 40 
mm in diameter in its expanded state and about 5 cm in length. Additional 
details concerning basket structures are disclosed in U.S. Patent No. 
5,823,189. 

The combination of the exemplary catheter 10 and basket catheter 46 
allows the physician to perform mapping and coagulation procedure with a 
single instrument, thereby eliminating the aforementioned problems in the art. 
Moreover, the basket 50 may be positioned within the pulmonary vein or other 
orifice during a coagulation procedure and serve as an anchor to improve the 
accuracy of the placement of the expandable coagulation body 16. In those 
instances where the basket is not present, the distal portion of the catheter 
body can serve as the anchor. 

Another exemplary catheter in accordance a present invention is 
illustrated in Figures 4-6 and generally represented by reference numeral 62. 
Catheter 62 is in many ways similar to the catheter illustrated in Figures 1-3 
and like elements are represented with the like reference numerals. There 
are, however, two primary differences. Catheter 62 includes an expandable 
(and collapsible) porous electrode structure 64, as opposed to the heated 
expandable coagulation body 16, and the electrode supporting basket 50 is 
mounted on the distal portion of the catheter body 12, as opposed to being 
mounted on a separate catheter that is advanced through the central lumen 
40. 

12 
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As shown by way of example in Figure 5, the expandable porous 
electrode 64, which is formed from an electrically non-conductive 
thermoplastic or elastomeric material, includes a porous region 66 having 
pores 68 and two non-porous regions 70 and 72. The pores 68, which are 
5 actually micropores, are shown diagrammaticaily in enlarged form for the 

purpose of illustration. Liquid pressure is used to inflate the expandable 
porous electrode 64 and maintain it in its expanded state. The liquid, which is 
supplied through the infusion/ventilation port 18 and fluid lumen 20 (Figure 2), 
enters the expandable porous electrode 64 by way of the aperture 22. The 

10 expandable porous electrode 64 will then expand from its collapsed, low 

profile state (between about 2.3 mm and about 5.3 mm in diameter) to its 
expanded state (between about 10 mm and about 30 mm). 

An electrode 24 formed from material with both relatively high electrical 
conductivity and relatively high thermal conductivity is carried within the 

15 expandable porous electrode 64. Suitable materials include gold, platinum, 

and platinum/iridium. Noble metals are preferred. Here too, the electrode 24, 
thermocouple 26 and reference thermocouple 28 are connected to the 
electrical connector 30 by electrical conductors 32, 34 and 36 which extend 
through conductor lumen 38 in the catheter body 12 (note Figure 2). The 

20 liquid used to fill the expandable porous electrode 64 is an electrically 

conductive liquid that establishes an electrically conductive path to convey RF 
energy from the electrode 24 to tissue. 

The pores 68 establish ionic transport of the tissue coagulating energy 
from the electrode 24 through the electrically conductive fluid to tissue outside 

25 the porous electrode 64. The liquid preferably possesses a low resistivity to 

decrease ohmic loses, and thus ohmic heating effects, within the porous 
electrode 64. The composition of the electrically conductive liquid can vary. A 
hypertonic saline solution, having a sodium chloride concentration at or near 
saturation, which is about 20% weight by volume is preferred. Hypertonic 

30 saline solution has a low resistivity of only about 5 ohm«cm, compared to 

blood resistivity of about 150 ohm*cm and myocardial tissue resistivity of 
about 500 ohm^cm. Alternatively, the fluid can be a hypertonic potassium 
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chloride solution. This medium, while promoting the desired ionic transfer, 
requires closer monitoring of the rate at which ionic transport occurs through 
the pores 68, to prevent potassium overload. When hypertonic potassium 
chloride solution is used, it is preferred keep the ionic transport rate below 
5 about 1 mEq/min. 

Ionic contrast solution, which has an inherently low resistivity, can be 
mixed with the hypertonic sodium or potassium chloride solution. The mixture 
enables radiographic identification of the porous electrode 64 without 
diminishing the ionic transfer through the pores 68. 

10 Due largely to mass concentration differentials across the pores 68, 

ions in the conductive fluid will pass into the pores because of concentration 
differential-driven diffusion. Ion diffusion through the pores 68 will continue as 
long as a concentration gradient is maintained across the porous electrode 
64. The ions contained in the pores 68 provide the means to conduct current 

15 across the porous electrode 64. When RF energy is conveyed from a RF 

power supply and control apparatus to the electrode 24, electric current is 
carried by the ions within the pores 68. The RF currents provided by the ions 
result in no net diffusion of ions, as would occur if a DC voltage were applied, 
although the ions do move slightly back and forth during the RF frequency 

20 application. This ionic movement (and current flow) in response to the applied 

RF field does not require perfusion of liquid through the pores 68. The ions 
convey RF energy through the pores 68 into tissue to a return electrode, 
which is typically an external patch electrode (forming a unipolar 
arrangement). Alternatively, the transmitted energy can pass through tissue to 

25 an adjacent electrode (forming a bipolar arrangement). The RF energy heats 

tissue (mostly ohmically) to coagulate the tissue and form a lesion. 

The preferred geometry of the expandable porous electrode 64 is 
essentially tear drop-shaped and symmetric with a ring of pores 68 
surrounded by non-porous regions. The ring is preferably about 2 mm to 

30 about 10 mm wide. This porous electrode configuration is especially useful for 

forming relatively deep lesions around the entrance to the pulmonary vein. 
However, nonsymmetrical or non tear drop-shaped geometries can be used. 
The porous electrode may, for example, be formed with a spherical shape. 

14 
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Elongated, cylindrical geometries can also be used. The distal non-porous 
region 72 may be eliminated and replaced with a porous region. The shape 
and size of the porous region 66 may also be varied. 

With respect to materials, the porous region 66 of the expandable 
5 porous electrode 64 is preferably formed from regenerated cellulose or a 

microporous elastic polymer. Hydroscopic materials with micropores created 
through the use of lasers, electrostatic discharge, ion beam bombardment or 
other processes may also be used. The non-porous regions are preferably 
formed from relatively elastic materials such as silicone and polyisoprene. 

10 However, other less elastic materials, such as Nylon®, Pebax®, polyethylene, 

polyesterurethane and polyester, may also be used. Here, the expandable 
porous electrode 64 may be provided with creased regions 74 that facilitate 
the collapse of the porous electrode, as is illustrated for example in Figure 6. 
A hydrophilic coating may be applied to the non-porous regions to facilitate 

1 5 movement of the porous electrode 64 in to and out of a sheath. 

Like the exemplary catheter 10 illustrated in Figures 1-3, exemplary 
catheter 62 may be directed to the anatomical site of interest, such as the 
pulmonary vein, by advancing the catheter through a relatively short 
introducer sheath and over a guidewire 44. However, because the basket 50 

20 is mounted on the distal end of the catheter, the base member 58 and end 

cap 60 are provided with apertures through which the guidewire 44 extends. A 
relatively short introducer sheath may be used to facilitate insertion of the 
catheter 62 into the vasculature or, alternatively, a sheath which extends to 
the anatomical region of interest may be used. 

25 It should be noted that the exemplary catheter 10 illustrated in Figures 

1-3 may be provided with a basket that is fixedly mounted on the distal end of 
the catheter body 12. Such a catheter is identified by reference numeral 10' in 
Figure 3a. Similarly, the basket may be removed from the catheter 62 
illustrated in Figures 4-6 so that a separate basket catheter may be used in 

30 combination therewith in a manner similar to that illustrated in Figure 3. Such 

a catheter is identified by reference numeral 46' in Figure 6a. 

Additional information and examples of expandable and collapsible 
bodies are disclosed in U.S. Patent application Serial No. 08/984,414, entitled 
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"Devices and Methods for Creating Lesions in Endocardial and Surrounding 
Tissue to Isolate Arrhythmia Substrates," U.S. Patent No. 5,368,591, and U.S. 
Patent No. 5,961,513. 
III. Hoop Structures 
5 As illustrated for example in Figures 7-10, a catheter 76 in accordance 

with an invention herein includes a catheter body 78 that supports a 
collapsible hoop structure 80 at or near its distal end. The hoop structure 80 
may be used to support one or more operative elements in contact with an 
annular tissue region such as the pulmonary vein. For example, the hoop 

10 structure 80 may be used to support a plurality of spaced electrodes 82. The 

exemplary collapsible hoop structure 80 includes a substantially circular hoop 
spline 84, a pair of distal support splines 86 and a pair of proximal support 
splines 88. The shape of the hoop spline 84 may, alternatively, be oval, 
elliptical or any other two or three-dimensional shape required for a particular 

15 application. The end of each of the support splines 86 and 88 includes a loop 

89 that encircles the corresponding portion of the hoop spline 84 in the 
manner illustrated in Figure 9. Excessive movement of the support splines 86 
and 88 around the circumference of the hoop spline 84 is prevented by the 
electrodes 82. 

20 The exemplary collapsible hoop structure 80 may be driven from the 

expanded orientation illustrated in Figure 7 to the collapsed orientation 
illustrated in Figure 8 by moving the distal support splines 86 and proximal 
support splines 88 away from one another. In the illustrated embodiment, the 
catheter body 78 is configured to move the proximal and distal support splines 

25 86 and 88 in this manner. More specifically, the catheter body 78 includes a 

pair of catheter body members 90 and 92 that are movable relative to one 
another. The catheter body members 90 and 92 are preferably tubular 
members arranged such that member 92 is slidably received within the lumen 
of member 90. The distal support splines 86 are secured to the catheter body 

30 member 90, while the proximal support splines 88 are secured to the catheter 

body member 92. When the catheter body member 92 is moved proximally 
relative to the catheter body member 90, the distal and proximal support 
splines 86 and 88 will be moved away from one another to collapse the hoop 
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structure 80. Relative movement in the opposite direction will expand the 
support structure. Of course, the catheter body member 92 may be moved 
relative to the catheter body member 90, or both catheter body members may 
be moved, in other implementations of the invention. 
5 In the exemplary embodiment illustrated in Figures 7-10, the distal and 

proximal support splines 86 and 88 are secured to the catheter body 
members 90 and 92 with anchor rings 94 and 96. The distal and proximal 
support splines 86 and 88 are preferably spot welded to the anchor rings 94 
and 96 and the anchor rings are preferably glued to the catheter body 

10 members 90 and 92. Other methods of attachment may also be used. 

The hoop spline 84, distal support splines 86 and proximal support 
splines 88 are preferably made of a resilient, biologically inert material such 
as Nitinol® metal, stainless steel or an elastic polymer (e.g. silicone rubber). 
The splines are preshaped into the configurations corresponding to an 

15 expanded hoop structure 80. In an implementation suitable for pulmonary vein 

applications, the hoop spline 84 will be about 10 mm to about 30 mm in 
diameter. The catheter body members 90 and 92 may be formed from a 
biocompatible thermoplastic material such as braided or unbraided Pebax®, 
polyethylene, or polyurethane. In an implementation suitable for pulmonary 

20 vein applications, the catheter body member 90 will have an outer diameter of 

about 1.5 mm and an inner diameter of about 1 mm, while the catheter body 
member 92 will have an outer diameter of about 2.2 mm and an inner 
diameter of about 1 .6 mm. 

The splines are preferably covered with tubes formed from a 

25 biocompatible polymer material such as Pebax® or Nylon®. Conductor wires 

(not shown) for the electrodes 82 and temperature sensors 83 (discussed in 
Section IV below) pass through the tubes and into the lumen of the catheter 
body member 90. 

The exemplary catheter 76 also includes a handle 98 capable of 
30 moving the catheter body members 90 and 92 relative to one another. 

Referring more specifically to Figure 10, the exemplary handle 98 includes a 
handle body 100 with a suitable electrical connector (not shown) for the 
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conductor wires from the electrodes 82 and temperature sensors 83, a piston 
102 that is slidably mounted in a longitudinally extending aperture in the handle 
body, and a thumb rest 104. The handle body 100, piston 102 and thumb rest 
104 are preferably formed from machined or molded plastic. The catheter body 
5 member 92 is secured to a strain relief element 105 on the thumb rest 104 

with an adhesive or other suitable instrumentality. The catheter body member 
90 extends through the catheter body member 92, through a lumen formed in 
the piston 102 and into the proximal portion of the handle body 100. The 
catheter body member 90 is glued or otherwise secured to an anchor 106 

10 which is itself held in place by a set screw 108 or other suitable device. As the 

position of the catheter body member 90 is fixed relative to the handle 100 
and the piston 102 and proximal catheter body member 92 are not fixed 
relative to the handle, the catheter body member 92 may be moved relative to 
the catheter body member 90 by moving the piston. 

15 In order to insure that the piston 102 in the exemplary handle 98 

illustrated in Figures 7, 8 and 10 does not move once it has been placed in the 
position corresponding to a collapsed hoop structure 80, a set screw 110 
engages a key way 112 formed in the piston. The friction force between the set 
screw 110 and key way 1 12 is sufficient to overcome the force generated by a 

20 collapsed hoop structure 80. Additionally, the longitudinal edges of the piston 

key way 112 limit the range of motion of the piston 102 by engaging the set 
screw 110. In the preferred embodiment, the length of the key way 112 is 
approximately 0.75 inch (1.9 cm), but can range from approximately 0.375 inch 
to approximately 1.5 inches (1.0 to 3.8 cm). Additionally, although the preferred 

25 embodiment includes the above-described set screw and key way arrangement, 

other mechanisms for applying a friction force to the piston and limiting its range 
of motion may also be employed. For example, fluting to limit the range of piston 
motion, a tapered collet, o-rings in addition to those discussed below, or a 
circumferential piston grip may be used in place of the preferred screw and key 

30 way arrangement. 

The exemplary handle 98 also includes a compression spring 114 that 
applies a distally directed biasing force to the piston 102. The biasing force 
reduces the amount of force that must be applied to the piston 102 by the 

18 



WO 01/37746 



PCT/EPOO/11640 



physician to move the piston in the distal direction and expand the hoop 
structure 80. The compression spring 114 is located between the proximal end 
of the piston 102 and an annularly shaped abutment 116. Because of the 
biasing force imparted to the piston 102 by the compression spring 114, the 
5 amount of physician-generated actuation force required to drive the piston is 

reduced. 

A pair of o-rings 118 may be used to center the piston 102 within the 
handle body 100 of the exemplary handle 98. The o-rings 118 also prevent the 
piston from canting. The side of the exemplary piston 102 opposite the key way 

10 112 includes a pair of Teflon® rods 120 which ride on the surface of the 

longitudinally extending aperture in the handle body 100. The Teflon® rods 120 
provide improved lubricity and prevent the set screw 110 from driving the piston 
1 02 into the surface of the aperture. 

The exemplary catheter 76 may be advanced over a guidewire 122 

15 (located within the inner lumen of the catheter body member 90) into the 

bodily region of interest in conventional fashion. A relatively short introducer 
sheath or a sheath which extends to the anatomical region of interest may be 
used if desired. The hoop structure 80 can then be expanded and used to 
create an annular lesion at the entrance to or within, for example, the 

20 pulmonary vein. Additionally, because the electrodes 82 or other operative 

elements are mounted on a hoop spline 84, tissue coagulation can be 
achieved without occluding blood flow. 

The inner lumen of the catheter body member 90 may also be used to 
provide a passage to the bodily region for another device. As illustrated for 

25 example in Figure 11, a conventional basket catheter 124, such as the 

Constellation® basket catheter manufactured by EP Technologies, Inc. in San 
Jose, California, may be advanced through the lumen of the distal catheter 
member 90. The basket catheter 124 may be advanced over the guidewire 
122, as shown, or the guidewire may be removed from the lumen in the 

30 catheter body member prior to insertion of the basket catheter. 

The exemplary basket catheter 124 includes an elongate catheter body 
126, a mapping and/or coagulation basket 128 and a handle/electrical 
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connector (not shown). Like the basket 50 described above with reference to 
Figure 3, the exemplary basket 128 includes four symmetrically arranged 
splines 129, which are preferably made of a resilient, biologically inert material 
such as Nitinol® metal, stainless steel or silicone rubber. Each spline 129 
5 supports two electrodes 130 and is supported in a resilient, pretensed, radially 

expanded condition between a base member 132 and an end cap 134. 
Basket catheter 124 is configured for use within the pulmonary vein and has a 
substantially elliptical shape and is between about 20 mm and about 40 mm in 
diameter in its expanded state and about 5 cm in length in the collapsed state. 

10 Nevertheless, the number of splines and electrodes on each spline, as well as 

the overall size of the basket 128, may be increased or decreased as 
applications require. 

The combined catheter 76 and basket catheter 124 allows the 
physician to perform mapping and coagulation procedure with a single 

15 instrument, thereby eliminating the aforementioned problems in the art. The 

basket can also be used as an anchor to improve the accuracy of the 
placement of the hoop structure 80. 

As illustrated for example in Figure 11a, a catheter 76', which is 
otherwise identical to catheter 76, may include a basket 128' that is integral 

20 with distal end of the catheter body member 90. Here, the handle 100 would 

also include a suitable electrical connector for the basket 128'. 

Another exemplary catheter including a collapsible hoop structure, 
which is generally represented by reference numeral 136, is illustrated in 
Figures 12-14. The catheter includes a catheter body 138 that supports a 

25 collapsible hoop structure 140. The hoop structure 140 may be used to 

support one or more operative elements in contact with an annular tissue 
region such as the pulmonary vein. For example, the hoop structure 140 may 
be used to support a plurality of spaced electrodes 142. The exemplary hoop 
structure 140 includes a substantially circular hoop spline 144 and four 

30 radially extending support splines 146. The shape of the hoop spline 144 may, 

alternatively, be oval, elliptical or any other shape required for a particular 
application. The support splines 146 are welded or otherwise secured to an 
anchor ring 147 that is mounted on the catheter body 138. The anchor ring 
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147 may be held in place with an interference fit, adhesive, or a combination 
thereof. 

A first pair of stylets 148a and 148b and a second pair of stylets 150a 
and 150b are attached to the exemplary hoop spline 144. The ends support 
5 splines 146 and stylets 148a, 148b, 150a and 150b include respective loops 

152 that encircle the corresponding portion of the hoop spline 144 in the 
manner illustrated in Figure 13. The stylets 148a, 148b and 150a, 150b 
extend into a lumen within the catheter body 138 through apertures 154 and 
are wound into respective stylet pairs 148 and 150. 

10 The catheter body 138 and support splines 146 may be formed from 

the same materials as their counterparts in the preferred embodiment 
illustrated in Figures 7-11. In particular, the support splines 146 are preferably 
formed from Nitinol® metal, stainless steel or an elastic polymer, and the 
anchor ring 147 should be formed from the same material as the support 

15 splines. The stylets 148a, 148b, 150a and 150b may be formed from inert wire 

such as Nitinol® or 17-7 stainless steel wire. The catheter body also includes 
lumens for the stylets, electrical conductors associated with the electrodes 
and temperature sensors, and a guidewire. 

The exemplary catheter 136 also includes a handle 156. The wound 

20 stylet pairs 148 and 150 pass through handle apertures 158 and 160 and the 

proximal ends of the stylet pairs may be provided with grips 162 and 164. The 
exemplary hoop structure 140 may be driven from the expanded orientation 
illustrated in Figure 12 to the collapsed orientation illustrated in Figure 14 by 
moving the stylet pair 148 (and stylets 148a and 148b) in the distal direction 

25 and moving the stylet pair 150 (and stylets 150a and 150b) in the proximal 

direction. Alternatively, the handle may be provided with conventional bi- 
directional steering apparatus, such as the rotatable knob arrangement 
illustrated in U.S. Patent No. 5,254,088 or the rotatable gear and rack 
arrangement illustrated in U.S. Patent No. 5,364,351, to drive the stylet pairs 

30 148 and 150 in opposite directions. In any event, the handle 156 preferably 

also includes an electrical connector 166. 

The exemplary catheter 136 may be advanced over a guidewire that 
passes through a lumen in the catheter body member 138. A relatively short 
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introducer sheath or a sheath which extends to the anatomical region of 
interest may be used if desired. Here too, the hoop structure 140 can then be 
expanded and used to create an annular lesion without occluding blood flow. 
The exemplary catheter illustrated in Figures 12-14 may also be used 
5 in conjunction with a mapping basket. As illustrated for example in Figure 14a, 

a basket catheter 124 such as that illustrated in Figure 11 may be advanced 
through the guidewire lumen of catheter 136. Alternatively, as illustrated for 
example in Figure 14b, a modified catheter 136' includes a basket 128' 
mounted on the distal end of the catheter body 138. 

10 Other types of lesion creating catheters may be provided with an 

integral mapping basket. As illustrated for example in Figure 15, exemplary 
catheter 168 includes a proximal portion 170, a helical distal portion 172 and 
an integral mapping/coagulation basket 174. The helical distal portion 172 
preferably supports a plurality of electrodes 176. The number of revolutions, 

15 length, diameter and shape of the helical portion 172 will vary from application 

to application. The helical portion illustrated in Figure 15, which may be used 
to create lesions in or around the pulmonary vein, revolves around the 
longitudinal axis of the catheter 168 one and one-half times in its relaxed 
state. The basket 174, which is essentially the same as those described 

20 above, includes four splines 178 and a pair of electrodes 180 on each spline. 

Other basket configurations may be used as applications so require. 

The exemplary catheter 168 also includes a stylet 182 that enables the 
physician to manipulate the helical distal portion 172 and adjust its shape. The 
distal portion of the stylet 182 is fixedly secured within the region of the 

25 catheter distal of the helical distal portion 172. The stylet 182 can be moved 

distally and proximally and can also be rotated in one direction, which will 
cause the helical portion of unwind so that its diameter decreases, or rotated 
in the other direction to cause its diameter to decrease. In any of these states, 
the helical portion will define an open area interior to the electrodes 176 

30 through which blood or other bodily fluids can flow. As a result, the helical 

portion can be used to create a circumferential lesion in or around the 
pulmonary vein, or other bodily orifice, without occluding fluid flow. 
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The exemplary catheter 168 illustrated in Figure 15 is not a steerable 
catheter and, accordingly, may be advanced though a conventional steerable 
guide sheath to the target location. The sheath should be lubricious to reduce 
friction during movement of the catheter 168. Prior to advancing the catheter 
5 168 into the sheath, the stylet 182 will be moved to and held in its distal most 

position in order to straighten out the helical distal portion 172. The stylet 182 
will remain in this position until the helical distal portion 172 is advanced 
beyond the distal end of the sheath. A sheath introducer, such as those used 
in combination with basket catheters, may be used when introducing the 

10 catheter into the sheath. 

Additional information concerning the helical catheter illustrated in 
Figure 15, albeit without the mapping basket, is disclosed in concurrently filed 
and commonly assigned U.S. application Serial No. 09/447,186, which is 
entitled "Loop Structures For Supporting Diagnostic and Therapeutic 

15 Elements in Contact With Body Tissue." 

Another exemplary catheter with a hoop structure is illustrated in 
Figures 16-18. Referring first to Figure 16, the catheter 184 includes a 
catheter body 186 and a collapsible hoop structure 188 at the distal end 
thereof. The hoop structure 188 may be used to support one or more 

20 operative elements, such as the illustrated electrodes 190, in contact with an 

annular tissue region such as the pulmonary vein. The exemplary hoop 
structure 188 includes a substantially circular hoop spline 192 and four 
support splines 194. The hoop spline 192 may also be oval, elliptical or any 
other shape, and the number of support splines 194 may be increased or 

25 decreased, as applications require. In an implementation suitable for 

pulmonary vein applications, the hoop spline 192 will be about 10 mm to 
about 30 mm in diameter. 

As illustrated for example in Figures 17 and 18, the exemplary hoop 
structure 188 is composed of four substantially identical structural members 

30 196, each of which consists of a pair of struts 198 and a curved portion 200 

that extends approximately ninety degrees, and four molded tubes 202 that 
extend outwardly from the catheter body 186. One strut 198 from each of two 
adjacent structural members 196 is inserted into a tube 202. To that end, the 
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struts 198 are formed with bends 204 so that the struts will conform to the 
shape of the region 206 that includes the distal portion of the catheter body 
186 and the tubes 202 that extend outwardly therefrom. Each support spline 
194 is, therefore, a composite structure consisting of two struts 198 and a 
5 molded tube 202. Wiring from the electrodes 190 and temperature sensors 

associated with the electrodes (not shown) will pass through the tubes 202 
and into a lumen extending through the catheter body 186. 

The structural members 196 are preferably formed from a resilient, 
biologically inert material such as Nitinol® metal, stainless steel or silicone 

10 rubber that is preshaped into the configuration corresponding to an expanded 

hoop structure 188. The catheter body 186 and molded tubes 202 may be 
formed from a biocompatible thermoplastic material such as braided or 
unbraided Pebax®, polyethylene, or polyurethane. 

A relatively short introducer sheath and, preferably, a sheath which 

15 extends to the anatomical region of interest will be used in conjunction with 

the exemplary catheter illustrated in Figures 16-18. Here too, the hoop 
structure can be expanded and used to create an annular lesion at the 
entrance to or within, for example, the pulmonary vein without occluding blood 
flow. 

20 As illustrated for example in Figure 19, the exemplary hoop structure 

188 illustrated in Figures 16-18 can be reconfigured slightly in order to 
increase the collapsibility of the structure. The exemplary hoop structure 188' 
is essentially identical to hoop structure 188 but for the configuration of the 
structural members 196. Here, the curved portions 200' in hoop structure 188 1 

25 are rotated distally in the direction of the arrows "A" relative to the curved 

portions 200 in hoop structure 188 to increase the collapsibility. 

Still another exemplary hoop structure is illustrated in Figure 20 and 
generally represented by reference numeral 208. Here, the catheter is 
provided with a catheter body 210 and a collapsible hoop structure 212 at the 

30 distal end thereof. The hoop structure 212 may be used to support one or 

more operative elements, such as the illustrated electrodes 214, in contact 
with an annular tissue region such as the pulmonary vein. The exemplary 
hoop structure 212 includes a substantially circular hoop spline 216, four 
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proximal support splines 218, four distal support splines 220, a base 222 and 
an end cap 224. In addition to providing additional structural support, the 
distal support splines 220 act as an anchor during tissue coagulation 
procedures. The hoop spline 214 will be about 10 mm to about 30 mm in 
5 diameter in implementations suitable for pulmonary vein applications. The 

hoop spline 216 may also be oval, elliptical or any other shape, and the 
number of support splines 218, 220 may be increased or decreased, as 
applications require. 

IV. Hoop Structure Electrodes, Temperature Sensing and Power 
10 Control 

In each of the preferred embodiments, the operative elements are a 
plurality of spaced electrodes. However, other operative elements, such as 
lumens for chemical ablation, laser arrays, ultrasonic transducers, microwave 
electrodes, and resistive heating wires, and such devices may be substituted for 

15 the electrodes. Additionally, although electrodes and temperature sensors are 

discussed below in the context of the exemplary catheter described with 
reference to Figures 7-11, the discussion is also applicable to the exemplary 
catheters described with reference to Figures 12-20. 

The spaced electrodes 82 are preferably in the form of wound, spiral 

20 coils. The coils are made of electrically conducting material, like copper alloy, 

platinum, or stainless steel, or compositions such as drawn-filled tubing (e.g. a 
copper core with a platinum jacket). The electrically conducting material of the 
coils can be further coated with platinum-iridium or gold to improve its 
conduction properties and biocompatibiiity. A preferred coil electrode is 

25 disclosed in U.S. Patent No. 5,797,905. The electrodes 82 are electrically 

coupled to individual wires (such as those illustrated in Figure 2) to conduct 
coagulating energy to them. The wires are passed in conventional fashion 
through a lumen extending through the associated catheter body into a PC 
board in the catheter handle, where they are electrically coupled to a 

30 connector that is received in a port on the handle. The connector plugs into a 

source of RF coagulation energy. 

As an alternative, the electrodes may be in the form of solid rings of 
conductive material, like platinum, or can comprise a conductive material, like 
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platinum-iridium or gold, coated upon the device using conventional coating 
techniques or an ion beam assisted deposition (IBAD) process. For better 
adherence, an undercoating of nickel or titanium can be applied. The 
electrodes can also be in the form of helical ribbons. The electrodes can also 
5 be formed with a conductive ink compound that is pad printed onto a non- 

conductive tubular body. A preferred conductive ink compound is a silver- 
based flexible adhesive conductive ink (polyurethane binder), however other 
metal-based adhesive conductive inks such as platinum-based, gold-based, 
copper-based, etc., may also be used to form electrodes. Such inks are more 

1 0 flexible than epoxy-based inks. 

The flexible electrodes 82 are preferably about 4 mm to about 20 mm 
in length. In the preferred embodiment, the electrodes are 12.5 mm in length 
with 1 mm to 3 mm spacing, which will result in the creation of continuous 
lesion patterns in tissue when coagulation energy is applied simultaneously to 

15 adjacent electrodes. For rigid electrodes, the length of the each electrode can 

vary from about 2 mm to about 10 mm. Using multiple rigid electrodes longer 
than about 10 mm each adversely effects the overall flexibility of the device, 
while electrodes having lengths of less than about 2 mm do not consistently 
form the desired continuous lesion patterns. 

20 The portion of the electrodes that are not intended to contact tissue 

(and be exposed to the blood pool) may be masked through a variety of 
techniques with a material that is preferably electrically and thermally 
insulating. This prevents the transmission of coagulation energy directly into 
the blood pool and directs the energy directly toward and into the tissue. For 

25 example, a layer of UV adhesive (or another adhesive) may be painted on 

preselected portions of the electrodes to insulate the portions of the 
electrodes not intended to contact tissue. Deposition techniques may also be 
implemented to position a conductive surface only on those portions of the 
assembly intended to contact tissue. Alternatively, a coating may be formed 

30 by dipping the electrodes in PTFE material. 

The electrodes may be operated in a uni-polar mode, in which the soft 
tissue coagulation energy emitted by the electrodes is returned through an 
indifferent patch electrode (not shown) externally attached to the skin of the 

26 



WO 01/37746 



PCT7EP00/11640 



patient. Alternatively, the electrodes may be operated in a bi-polar mode, in 
which energy emitted by one or more electrodes is returned through other 
electrodes. The amount of power required to coagulate tissue ranges from 5 
to 150 w. 

5 As illustrated for example in Figure 9, a plurality of temperature 

sensors 83, such as thermocouples or thermistors, may be located on, under, 
abutting the longitudinal end edges of, or in between, the electrodes 82. 
Preferably, the temperature sensors 83 are located at the longitudinal edges 
of the electrodes 82 on the distally facing side of the hoop or helical structure. 

10 In some embodiments, a reference thermocouple (not shown) may also be 

provided. For temperature control purposes, signals from the temperature 
sensors are transmitted to the source of coagulation energy by way of wires 
(such as those illustrated in Figure 2) that are also connected to the 
aforementioned PC board in the catheter handle. Suitable temperature 

15 sensors and controllers which control power to electrodes based on a sensed 

temperature are disclosed in U.S. Patent Nos. 5,456,682, 5,582,609 and 
5,755,715. 

Finally, the electrodes 82 and temperature sensors 83 can include a 
porous material coating, which transmits coagulation energy through an 

20 electrified ionic medium. For example, as disclosed in U.S. Patent No. 

5,991,650, electrodes and temperature sensors may be coated with 
regenerated cellulose, hydrogel or plastic having electrically conductive 
components. With respect to regenerated cellulose, the coating acts as a 
mechanical barrier between the surgical device components, such as 

25 electrodes, preventing ingress of blood cells, infectious agents, such as 

viruses and bacteria, and large biological molecules such as proteins, while 
providing electrical contact to the human body. The regenerated cellulose 
coating also acts as a biocompatible barrier between the device components 
and the human body, whereby the components can now be made from 

30 materials that are somewhat toxic (such as silver or copper). 

Although the present inventions have been described in terms of the 
preferred embodiments above, numerous modifications and/or additions to 
the above-described preferred embodiments would be readily apparent to one 
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skilled in the art. It is intended that the scope of the present inventions extend 
to all such modifications and/or additions and that the scope of the present 
inventions is limited solely by the claims set forth below. 
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We claim: 

1 . A probe, comprising: 
a support body; 

an expandable/collapsible tissue coagulation structure 
supported on the support body; and 

a mapping structure supported on the support body distally of 
the expandable/collapsible tissue coagulation structure. 

2. A probe as claimed in claim 1, wherein the support body 
comprises a catheter. 

3. A probe as claimed in claim 1, wherein the 
expandable/collapsible tissue coagulation structure comprises an inflatable 
structure. 

4. A probe as claimed in claim 3, wherein the inflatable structure 
defines an interior and the support body includes a fluid lumen operably 
connected to the interior of the inflatable structure. 

5. A probe as claimed in claim 3, wherein the inflatable structure 
comprises a non-porous, relatively thermally conductive structure. 

6. A probe as claimed in claim 5, further comprising: 

a fluid heating element located within the interior of the inflatable 

structure. 

7. A probe as claimed in claim 3, wherein the inflatable structure 
comprises a porous structure. 

8. A probe as claimed in claim 7, wherein the porous structure 
includes a porous region and a non-porous region. 

9. A probe as claimed in claim 7, further comprising: 
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an electrode located within the interior of the inflatable structure. 

10. A probe as claimed in claim 1, wherein the 
expandable/collapsible tissue coagulation structure comprises a hoop 
structure and at least one operative element supported on the hoop structure. 

11. A probe as claimed in claim 10, wherein the support body 
defines a longitudinal axis and the hoop structure defines a plane 
perpendicular to the longitudinal axis. 

12. A probe as claimed in claim 10, wherein the hoop structure 
comprises a hoop spline and at least first and second support splines. 

13. A probe as claimed in claim 12, wherein the hoop structure 
collapses in response to movement of the first and second support splines in 
opposite directions. 

14. A probe as claimed in claim 13, wherein the support body 
comprises a first support body member defining an inner lumen and a second 
support body member movable within the inner lumen, the first support spline 
is operably connected to the first support body member, and the second 
support spline is operably connected to the second support body member. 

15. A probe as claimed in claim 10, wherein the hoop structure 
comprises a hoop spline, a plurality of support splines, and first and second 
proximally extending stylets. 

16. A probe as claimed in claim 15, wherein the hoop structure 
collapses in response to movement of the first and second stylets in opposite 
directions. 

17. A probe as claimed in claim 10, wherein the hoop structure 
comprises a helical support structure. 
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18. A probe as claimed in claim 10, wherein the at least one 
operative element comprises a plurality of spaced electrodes. 

19. A probe as claimed in claim 1, wherein the mapping structure 
comprises an expandable/collapsible mapping basket. 

20. A probe as claimed in claim 19, wherein the 
expandable/collapsible mapping basket comprises at least two splines 
respectively supporting at least two electrodes. 

21. A mapping and coagulation apparatus, comprising: 
a tissue coagulation probe including 

a tissue coagulation probe support body defining at least 
one interior lumen, and 

an expandable/collapsible tissue coagulation structure 
supported on the tissue coagulation probe support body; and 

a mapping probe passable through the tissue coagulation probe 
support body lumen including 

a mapping probe support body, and 

a mapping structure supported on the mapping probe 

support body. 

22. A mapping and coagulation apparatus as claimed in claim 21, 
wherein the tissue coagulation probe support body comprises a catheter. 

23. A mapping and coagulation apparatus as claimed in claim 21, 
wherein the expandable/collapsible tissue coagulation structure comprises an 
inflatable structure. 

24. A mapping and coagulation apparatus as claimed in claim 23, 
wherein the inflatable structure defines an interior and the tissue coagulation 
probe support body includes a fluid lumen operably connected to the interior 
of the inflatable structure. 
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25. A mapping and coagulation apparatus as claimed in claim 23, 
wherein the inflatable structure comprises a non-porous, relatively thermally 
conductive structure. 

26. A mapping and coagulation apparatus as claimed in claim 25, 
further comprising: 

a fluid heating element located within the interior of the inflatable 

structure. 

27. A mapping and coagulation apparatus as claimed in claim 23, 
wherein the inflatable structure comprises a porous structure. 

28. A mapping and coagulation apparatus as claimed in claim 27, 
wherein the porous structure includes a porous region and a non-porous 
region. 

29. A mapping and coagulation apparatus as claimed in claim 27, 
further comprising: 

an electrode located within the interior of the inflatable structure. 

30. A mapping and coagulation apparatus as claimed in claim 21, 
wherein the expandable/collapsible tissue coagulation structure comprises a 
hoop structure and at least one operative element supported on the hoop 
structure. 

31. A mapping and coagulation apparatus as claimed in claim 30, 
wherein the tissue coagulation probe support body defines a longitudinal axis 
and the hoop structure defines a plane perpendicular to the longitudinal axis. 

32. A mapping and coagulation apparatus as claimed in claim 30, 
wherein the hoop structure comprises a hoop spline and at least first and 
second support splines. 
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33. A mapping and coagulation apparatus as claimed in claim 32, 
wherein the hoop structure collapses in response to movement of the first and 
second support splines in opposite directions. 

34. A mapping and coagulation apparatus as claimed in claim 33, 
wherein the tissue coagulation probe support body comprises a first support 
body member defining an inner lumen and a second support body member 
movable within the inner lumen of the first support body member and defining 
the at least one interior lumen, the first support spline is operably connected 
to the first support body member, and the second support spline is operably 
connected to the second support body member. 

35. A mapping and coagulation apparatus as claimed in claim 30, 
wherein the hoop structure comprises a hoop spline, a plurality of support 
splines, and first and second proximally extending stylets. 

36. A mapping and coagulation apparatus as claimed in claim 35, 
wherein the hoop structure collapses in response to movement of the first and 
second stylets in opposite directions. 

37. A mapping and coagulation apparatus as claimed in claim 30, 
wherein the hoop structure comprises a helical support structure. 

38. A mapping and coagulation apparatus as claimed in claim 30, 
wherein the at least one operative element comprises a plurality of spaced 
electrodes. 

39. A mapping and coagulation apparatus as claimed in claim 21, 
wherein the mapping structure comprises an expandable/collapsible mapping 
basket. 
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40. A mapping and coagulation apparatus as claimed in claim 39, 
wherein the expandable/collapsible mapping basket comprises at least two 
splines respectively supporting at least two electrodes. 

41 . A probe, comprising: 

a support body defining a longitudinal axis; 

an expandable/collapsible hoop structure defining an open 
interior region and supported on the support body such that the longitudinal 
axis of the support body passes through the open interior region; and 

at least one operative element supported on the 
expandable/collapsible hoop structure. 

42. A probe as claimed in claim 41, wherein the support body 
comprises a catheter. 

43. A probe as claimed in claim 41, wherein the at one operative 
element comprises a plurality of spaced electrodes. 

44. A probe as claimed in claim 41, wherein the hoop structure 
comprises a hoop spline and at least first and second support splines. 

45. A probe as claimed in claim 44, wherein the hoop structure 
collapses in response to movement of the first and second support splines in 
opposite directions. 

46. A probe as claimed in claim 45, wherein the support body 
comprises a first support body member defining an inner lumen and a second 
support body member movable within the inner lumen, the first support spline 
is operably connected to the first support body member, and the second 
support spline is operably connected to the second support body member. 
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47. A probe as claimed in claim 41, wherein the hoop structure 
comprises a hoop spline, a plurality of support splines, and first and second 
proximally extending stylets. 

48. A probe as claimed in claim 47, wherein the hoop structure 
collapses in response to movement of the first and second stylets in opposite 
directions. 

49. A probe as claimed in claim 41, wherein the hoop structure 
comprises a helical support structure. 

50. A probe as claimed in claim 41, wherein the hoop structure 
comprises a hoop spline and at least first and second radially extending 
support splines. 

51. A probe as claimed in claim 41, wherein the hoop structure 
comprises a hoop spline and at least first and second distally extending 
support splines that respectively define acute angles with the longitudinal axis 
of the support body. 

52. A probe as claimed in claim 51, wherein the support body 
includes tubular members extending distally therefrom at the acute angle and 
the support splines are at least partially located within the tubular members. 

53. A probe as claimed in claim 51, wherein the first and second 
support splines extend distally from the support body to the hoop spline and 
the hoop structure further includes at least third and fourth support splines 
extending distally from the hoop spline. 

54. A probe as claimed in claim 41, wherein the hoop structure 
comprises at least two structural members, each structural member consisting 
of a pair of struts and a curved portion. 



35 



WO 01/37746 



PCI7EP00/11640 



55. A probe as claimed in claim 54, wherein the hoop structure 
comprises four structural members. 

56. A probe as claimed in claim 41, wherein the support body 
defines a distal end and the hoop structure is located proximally of the distal 
end of the support body. 

57. A probe as claimed in claim 41, wherein the support body 
defines a distal end and the hoop structure extends distally from the distal end 
of the support body. 
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13 1. nyfn-7^\ 4>&< t ^§P^tcM*LV^SI^^(c:^V> 
#S:Sr-g-tfl»*5Cl 3 0fE*£cD=g« o 

13 2. a ^ hn-7^\ < t t>ffl#WfcSS* l^^^|$3»JR:fc:X^ 

3 0fS«(Dgff o 

13 3. Sfefc, ^t>lf|5^fi«j»!:a*uv^^ffi^6<j36* 

ms-^-c, mim^(om-m.mm^m^~r?>^m^^mmMi 0 23ml 0 3 

Xfil 0 4{-fE*^^« 0 

13 4. S?,^ 1 1 C0|a»««^^i-S7^fe^#?LTO(D^ 1 (D«$&g 

9— srg-trtiwtsi 0 3Xtti 0 4 ^m^mWo 
135. ^mi$^«?«&jfe&-r ^iw^<Dm 1 (Dmnmtn: 

frv^2©«5K«*tSr^^-5 3>-ho — 9— Sr-&tfl»3ftq|4 1 0 3Xtti 0 4 
13 6. £ ttSfci 9#^£;h5^;J&*n^ W ^ b ir, f tt^?,^ 
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^©x^^^f- ©fsI^IftSny h n — 7 — £ra tt>fi*il 1 0 2X(4 l 0 
3 Xfl 10 4 lC|E4feO^« 0 

137. ^KmmmM±-ch^m^m 1 o 2xn 103x12104 ^tm^m 
«= 

13 9. #?LjfW, i*7Kte-efc5W^l 0 2XH1 0 3Xfll 0 4^12^(7) 

14 0. »^«j±^^{t5«H^^^fe, ^?LfWp^fi:*,^<?5|tSr^r 

u ^(om±^j^<Dm^(o^m^tmzx^ix&LT-^h^fft^iMi 3 9 is 
M<Dmw 0 

141. »^^j±^^g { t5^fpii^^^fe, ^nMntmtL^M^m.^ 

U -^(D^^^^jjS^-^^F^^il^ J; "^^ft^H 0 2X(41 0 3X111 
0 4 fc:iH<fe<«iBo 

14 2. ^aSCW^^&^I^ 
U ^^^^^©fit^^o^^H^illJCXfi^n^T^fe^lf^Tll 02X 
(±1 0 3Xiil 0 4 fcEBftO^tfo 

14 3. #?L««3^^t4M^^tf ft^il 102Xlil03Xiil04 fcffifc 

144. m&mt&rzbv. mmmmM±mm*^mmmi 02x1110 
3xm 0 4\z.mm<DmWo 

145. 4Hugm&, mmimmttfrbtez>m>kmi 02x11103x11104 
14 6. m&nwmttfrib tezm&m 102x11103x11104 

14 7. ^^«^rffltpMir, 
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o 

14 8. 4yt>-^mMfc&i%w^mts;ftmmi$i&m&mk, 

b& z>'p?£ < t -h 2 <>(D9?m £ ntcmm^^ » t mimmnzm v m^m 

o 

149. frnmm&m&mk, 

150. ftmMWi&m&ztbs 

^mi^xMm^ntc.mmbWbm^xm^m^m^\^xmw:^titi^umm^(D 
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T\ 4>ft< t 2o©«dK^miSjx"CV>Sgt*^l 4 7Xf4 1 4 8XJ41 4 9 

^-SI^^TiHg$nrv>5ft*iIl 4 7Xttl4 8Xftl4 9XS15 0 (ei|2* 

15 3. ^fftOJl 9 Kl#T>\ |Ul2tD»^ ^©ttl:j&oT^||^t 
lag^TV^fiMl 4 7Xtel4 8Iftl 4 9X141 5 O^fE^WTir^ 

SSSjJtSl 4 7X141 4 8X141 4 9Xttl 5 0 l£fHSt(£>7"fe is? V — a 

15 5. 3£{£is££)6>& < t%> 1/3 tt, #?LW**j"t?*V>»*33ll 5 4fSsR(D7 

15 6. #?LWlffW N t^^O^/£< it 1/3 «r£«>5»3&Sl 5 4fE«<Z5 

15 7. 1 1 ©t^Ef ^o#t>Y«i!l ©f ^/h^v^I 

2 ©s:s&wrs$f t> itit^fiitm^t ^msmn^iSL*>Htf ibfatim&m 1 4 

7Xttl 4 8Xttl 4 9Xi41 5 OfcSSjfrDT-fc^y — „ 

15 8. ^fetC. iWftfSH, fWtoT&fektLfctfT !)Ml^cf 
tflt^l 5 7|Ett(DTir^yy- 0 

159. 3f »> SJWfcas, «UT2o<o««©|WK:ia:»tfeix-cv>5S»*3gi 5 7fE 

16 0. $Ff 9g^^V^>-^31^Bjfg^^LW-T?f4^V>ff^lIl 5 7fS*c<D7 

y— D 

i e i . tf trft^KFc; *fr«iKiOTafe*#^5&'v">Bf*g[ 1 5 7 tsu^r-tr ^ 



(21) S&m 2002-528039 

311 4 7Xttl 4 8Xf41 4 9 Xfi 1 5 0 ^fEf^Tir ^ U — „ 

16 3. miKmtf<v'pte < t t> i o©i*n:i6iiT, < t h i ooias 

16 4. #?L«*#cD/>/£ <H1 oOiWt, 'M<H1 o©»i 

16 5. ^nmmum^mm^^v^ hiooiswot/w< 

o 

£^J&£;ftT^5ft3£iIl 4 7XJ11 4 8Xlil 4 9Xttl 5 0 SCf5*cO 

16 7. ^iiwmmK <<*^&mm£'&z>—jj, ^^(Dmm^mjt-r^x^ 

£^J&£;ftTV^fi;£iIl 4 7X111 4 8Xttl 4 9 Xfl 1 5 0 fcL|B« 

16 8. #?LKmWIS^Sii^^^^f»^.l 4 7Xf41 4 8Xftl 49X 
Jil 5 O^fSttOTir^T'y— „ 

16 9. #?L«*#«^ ? LWIl^b^5lf^lIl 4 7mi4 8Xttl4 9X 

iii5o ^teigoTir y -„ 

17 0. rci/^i/h^\ ^CDrtgPfJW^^«t4«S^^^^lt^IIl 4 7Xil 

14 8 xfi 149 x« 150 (cfaig^)T-fe ^ y — o 

17 1. ^*t£«ffi^J|^JR^b^5ff^l 7 0fE«©T-fe^yy- o 

17 2. i*«t£«®3S N £»iLt, 6:&&t*6&/>r y ^-^£>ft 

5», Xfl^^^cDa^^^^31fi^cmit^£fft*iSl 7 0fE*c<7)Tir 

v:/y- 0 

17 3. ^f*^ft§SM^^ «lff*ill 4 7 Xft 1 4 8 X'ii 149»1150(C 
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174. mmmtK mt-rhv^^^mmmi 1 3mm.<DT±>'yv— 0 

17 5. met V V IS^X^n^V^^l 7 3fS«cDTir 

17 6. Sftt h y !)ACDl^, *^c*& 9lt/^%-C&5!l*5 1 7 3 IB 

177. mmmmik* y ^^ifft^ 173 fEttcDTi? >-:/ y - D . 

17 8. Mi$<Dmn.&, m 1 5 0 Q • c mJ^T^fcSIf^ l 4 7X(4 1 4 8 X 
{414 9Xftl 5 O^fEiltDTiri/^y — 0 

17 9. IfrOfifei^, Ull 0 Q • cmJ^TT?feSlt^iIl 7 8 fElg^Tir ^ 

y- e 

18 0. mi$Z>WC&, ■ cm-e&5lt*ill 7 8 fE*6tf3Ti? ^ y — „ 
18 1. Qmft<Dftm&&ta£-&zmW&ttn#:T%l 4 

7 Xf4 14 8 14 9 Xf± 15 0 ^fE*£<DTi? l^f V — a 

18 2. 91WMMt5'M< H 

>"l±^#^^-tflf 14 7 14 8 Xte 14 9 Xf4 15 0 ^fEf^Ti? 

18 3. < £ % 1 ocd^ ^->"te*W^^c|t»3iit4*«-^^^§f*^iI 1 

8 2fE«^Tir>-^y- 0 

18 4. wm&s ^(D^mzx ymfc<D&m&mi]n£&z#4*i/'mmtf%^& 

ft 14 7Xiil4 8 X« 14 9 X« 15 0 fcfBjftOT-fe ^ y — „ 

18 5. 5^ ^t£**t;3^ u -fe n — Jls&^&m&m 1 8 4 WM(DT^ >zf ]) — 

o 

186. ^Jris&mw-*- 8 4&m,<dt±>'7v—o 

18 7. &iLwmtf<Dnmm.&'j?te< hi^ooq • cm t?fc5!iMi 4 

7 Xf4 14 8 14 9 Xf4 15 0 KlfEf^Ti? y — „ 

18 8. #Wlt©iM^g5 0 0 Q • cm£kTX'tb%n#i1%l 4 7X14 
' 1 4 8 XttT "4 9 Xf4"l 5 0 {CfaftcffTi? ^'f V — „ 
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18 9. 'j?tz < t ^m<D— mzWt&m#tr£tt1to&g. i47Xfti48X(ii 

190. m<^«£*#^\ 4 *>$mm^mt£^iLw-?hz>m>kmi s giEHs 

191. mvmn&mmis ^^^mm-c^^^w^iwxh^tmmi 8 9 

19 2. mn&mmK m(D±\mm^t^tcmm^bf£^m^mi s 9we«<d 

o 

194. mmmmmm<D^\-Mm^nr^^mMmi 8 9tE«cOT-i?>-:/y- 

o 

19 6. khm<D— mmimu^^^m^mi s 9tE«<DT-i?^ 
^y- 0 

19 7. 4>&< ttiO-S|5ttt, iltt^W^V^^l 4 7XS14 8I 
f±l 4 9Xfil 5 0 \zmM<DT± V — 0 

19-8. ££>^ SoT^^«3t^Sr^i-5fc«>^, ^I^ISW^II^AIT 

4 71141 4 8Xfll 4 9Xftl 5 O^fEfcOTi?^ 

199. mfccDxw^ms&mmnfrbtezm&mi 9 8fE«or-fe^y- 0 

2 0 0. ^S*#^-y^/^^^^^-tfff^iIl 9 9fEtt<£>Ti?^;/y — 0 
2 0 1. ^Jlgf ^l/V>7.m tf Sfjfc^g 1 9 9fEic»Tir^^y — „ 

2 02. mi$<D^um>^yx^y?mm>hts:Z)m^mi 9 stm<DT-t> 
7c^^°7-r ^w^&ft'Sfi^ii 9 8mm<DT±is7>y — 0 - — -- 
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204. m&<D3&mmK mi«(Dmmm^fj:^n^mi 9 smm^r^^ 
2 0 5. $ r± >7* v -w%W£Hzi&Mm#mmf±cDmtf%^mmm. 

1 4 7Xltl 4 8X(il 4 9XB1 5 0 (CfB^WT-fe ^ U — „ 

2 0 6. #?LSC*Wii7M4-efe5!lt J&JC 147 Xf± 148 Xfi 149 Xtt 1 5 
O^fEi^cDTir^y — 0 

2 0 7. ^flc^rtSPJE^SrSttSl^SP^Sr^fe, #?LJC*W^Sz:i^£>j±^ 

^ y — „ 

208. mmmmm^'^h^m^m 147 xt* 1 4 8 xti 1 4 9 x« 1 5 

2.0 9. ^^rt$PH^^{t5«^^t&&, #?LW*W^AL^^C75j±^ 

0 SfSfcOTir^^y — o 

2 10. «#:^«JE^^tt^^«^^^fe, ^TLfrmW^z&ib^cojE^ 
^O^^^^jE^ffi^^gpiE^J; D^^V^W^l 4 7X?41 4 8 
Xfe 14 9 Xf4 15 0 ^fE^WTir >zf V — c 

2 11. ^^^^^^(j-S^gPH^^^*, #?LSf3St##*&3£lbj&WJE;*j 

4 7XI±1 4 8Xttl 4 9Xttl 5 0 M©7t ^ y — e 

2 12. ^?LW*#^|gzk'fe^Ii^tfft^I 1 4 7Xfil4 8Xttl4 9Xtt 

1 5 O^ffi^Tir^y— „ 

2 13. M^^7K'tt-C\ ^?LW*«-^it7KttM^^mt^ 147X14148 
Xf4l 4 9X14 15 0 (dfSft^T-fe^^y — 0 

2 14. ^Sr^l-Mx— TAf-*.— -fh. 
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k, 

215. ^dsssr^ri-s^^— t 1 /^*— 

ii Cio^ti^^;v^-lr^ Xr>\± £oXlj&m*im k -tZMXtb^X, 

216. ^aicos^rt-e^MPffi^^i-s^^— tvv^— 
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lim^^^i-S^ife^, Mt»««B^4Rfgli-5fcfe, »M^^»t#7L«m 

217. $ h s_b^3fe < 1 1> 1 ooiastiiftx 1^ v h ^ it, 

2 18. lo«tix^^yf^ ^<Hil©loti^ 

2 19. 4>ft< ifclo©fflfttfe^iacUp«>'h^ 4>ft< t^«C0^^MHg$ 

220. ^nmmu<Dmm^mmM-^m^ ^lt^< t ^ 

221. hn^7^\ 4>&< t twa^a-* Lv^s^§&mi-s<3v^ 

T««0*«CS5LSra^*#S:4r«^fce»^3gC2 1 4Itt2 1 5Xfi2 l 6{: 

222. a> Fn-^-^\ 1 1 ©iiaM^i^t^fc* t« - 
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(dm i ^mmmK^mM^^> 1 1 1 mi (Dmmmmmm t^si2 <omm 

aSr#^5St^3S2 1 5X(i2 l 6 fcHS*W>25«o 

2 2 3. ^V^l^^TT^Sr^i-^Ttfe^li^^ 1 Of 

J:«9^:#v^2©««ffiSfcSrS^t-S^iJ:SrS-tfWf*3S2 l 5XJ4 2 l 6 fcfaft 

2 2 4. $ b N fcfi^r § ft 5 £fcttlft#Si&ttlf # 8rgtri»*K 2 1 4Xtt 
2 1 5X?4 2 1 6 ^fESt^So 

2 2 5. 4W]S&H#&. ^7kt£"C&5ff^2 1 4X14 2 1 5X14 2 1 6 fc|E*fe 
2 2 6. $W£^raj£^£Stt3TO«&£*6, &W&&ft&feSLM><OE2>m. 

227. 1 4x«2 1 5x«2 1 6 ^ie*c© 

1 5fa«s<^^« 0 

ftttrWU *0^3fc*,^©ff^^SrtajjEE^J;!J^:#v>SI!f*33i2 1 4X14 2 l 5 
XJ4 2 16 ^fE^^flfc, 

2 3 0. W^j±^^(t§rt«^£fe, #?LJC*W^3xt>,£c73j±^ 

1 4Xtt2 1 5XJ4 2 1 6fcfE*W?^flfc, 

2 3i. ^wmmK mTk^mm^t^m^km 2 1 4x1*2 1 5x142 1 6 m 

2 3 2. -?:U-C^?L«*#«7kf4M^^ti>f»*3S2 1 4Xf4 

2 1 5XJ4 2 1 6"RHE*fe<£>^«„ 
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233. ftumm&m-r&m t , ^um^comm^ u^i/ht^^*), & 
ft< th^(Dm<D~n^, ^^^^aii^-^s— ^ M^sii^p&itnrfgft;^ 
# $ $ nfc#?Lw*#^^ h ft z> ^unmm t , 

n i ©««#»*^ci-*^t», mmmu^m i ©m^t^t^^jti-s tit 
235. raM^^rr^^ rt«pifi«rt©#«tt^^^bi^e>3&?), 

fc< SB#s, -Y^v&jIj&^S — ;£\ iWcDfiiil^piitWfgft^ 

hi. 
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5 ^mm<DmWo 

2 3 7. &M$.m#tK &4HLffl&b*b-k*ni&tL2 3 31(12 3 4^142 3 5 

2 3 8. &nwmmK vm&mt*b*zw&9.2 3 3^2 3 4x«2 3 5 
239. £#£5 tth\^ ^mmmm^mx 9 

:tgc£#< dJ&Sft*^ 3 3XJ12 3 4Xfi2 3 5 ^fEfc<Z>SS 0 

2 4 0. m(DjE^m<D^f£< bhl/3\^ ?L^^v^ff^ll2 3 9 fEttC0^g o 

2 4 1. S<75#?L5f|fpaS % 4>ft< t^?LcD^V^3(D^^U-C^$nTia 

w£ftfrMiRxjtM2<DmLnmm*bte%fmm2 33x11234x14235 

2 4 2. *^SW^-g-tfi t fcfcl, ^-OttOjl D (If 3©TO^ttIl i± 
2^#?L««^MH^-fR]{c:, ^•H^^TE«^tLfcff^2 4 lfEtto§l« 0 
2 4 3. Wi^tfiHt> ^©Wotl3©ii|^Ltfl^ 

2 <D&nwmm&frM atbxmtistitinjsv£2 4 iie^o^s, 

2 4 4. M^^«f4-efe5lf^ll2 3 3X112 3 4Xil2 3 5 KH5^0^ 0 

245. £ }d % m^^s ti^WLmmmm^ u^^h %^&n$:m 2 3 

3 x« 234 x« 235 \-mm<DmWo 

2 4 6. ^^M#Mt43 yby^ h*W^SpUrV^lt*3S2 3 3X 
H2 3 4X11 2 3 5 KftMLtomWio 

2 4 7. &Hm.W'P?£< Hft5 0 0 Q • c m<D«mS^£#^5#?Lf£&^ 
t-^W^"2^-3X« 2-3 -4 Xm"^'"3-^|E^W*o " " : " " ' " " " ' 
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2 4 8. #7LSCW^5 0 0 □ • cm-fi;T©«5tffifiLS:^-*.5#?U4Sr^ri-5ai 
^11 2 3 3 Xtt 2 3 4XI±2 3 5 KlfEi£^« 0 

2 4 9. mW^mm^^^m^m2 3 3 3U4 2 3 4Xf±2 3 5 ^fEtt^g 

o 

250. itj36$^ mt-r h y ^ a ^-g-tfit^^ 249 mm^mWo 

251. - h y ?j±<D&mmmyLtt*:tiKi5:^m$im2 5 otB^w^fc 

2 5 2. h y ^ClliS, ft^9Sfl:/#^f%-efe5§»*3S2 5'OfBffc 

2 5 3. fltSfiK^^b* y ^^^#tpft*^2 4 9 lEtt^SBo 
2 5 4. fcj 1. 5 Q Q • c m^T-CfeSgf ^ 2 3 3 Xf4 2 3 4 X 

-fit 2 3 5 ld|BftOS«„ 

2 5 5. ifcfl:a>JS£L;&S, #S 1 0 Q • cmWT^&5Sf*92 5 4fE*c<D^S 0 

2 5 6. ^CDffi#C^\ ^5 □ • cm^TT'fe5fft52 5 4fE*ctf)|£tto 

257. ^<D&m^£ v mfcmm&mm^%mtf%^mmm2 3 

3 xtt 2 3 4xii 235 mm^mWo 

2 5 8. jfcfltfs, ^OlpfttJ; !3&#©tt£«:Jft&ll£*S^fc< loo^t 
^t4*#^r-a tf ft^ll 2 3 3Xf4 2 3 4XJ4 2 3 5 fEicO^g, 
2 5 9. JfaJti(ft#K8iatt*#*» P> ft 5 <Hlo©^ ^ttlt^b * 5 If 
Jfc«2 5 8E|0iI„ 

260. mmK ^<Dftmz£vmfc<D^m&mtin£&z^*^mtt*^& 

2 3 3 Xft 2 3 4 Xf4 2 3 5 fE^CDSSo 
2 6 1. &4*^&mW? y "fe o *-/l'Sr"g-tPft3ft3U 2 6 0 WEft^Sfc 
2 6 2. tf-J/'teSftttaS-v— h-^^-^^ff^II 2 6 0 fE<fe(^^« 0 

2 6 3. -$e>^ 4>&< t fe^^^ia-m^i-^M^uv^s^^^s^ 

2 3 3 Xtt 2 3 4 Xf± 2 3 5 (-fEtt©^S 0 

2 6 4. #?LJC*$f#\ 1K^i&Il3&»E>fc3Sltettg2 3 3 4Xtt2 3 5 



(31) #82 0 0 2-5 2 8 0 3 9 

2 6 5. ^HmmK *#7L*«a»fcfc*»:ft:g[2 3 3Xf4 2 3 4X(i2 3 5 U: 

2 6 6. $e>u:, £kgp##j^ m^^-rsa^uv^s^^^s 

-SV^T, I^Sf U^g^r^or i^^i"2)»^:352 3 3Xf±2 3 4Xli 
2 3 5 mSEft^Sello 

2 6 7. ra«trffltpMir. 

^©io'>*< i t>— was, ^«a^<^m^^/v=¥-^i*t#?L«*#^ 
268. j*is^m&&%&w^W£ftftm&*mt*mb, 

2 6 9. ftgmig&Htrffi^ 
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h t a» ft 5 #?LK*ffiTir ^ y - 0 

2 7 0. #?L«if (b ft 5 ft ^ 2 6 7X(i2 6 8Xi42 6 9 

2 7 1. #?Lft*W, ^#?L«jR^^^5ff^2 6 7XB2 6 8XU2 6 9 

i-Elo#?Lltft7t ^ y -„ 

272. rcl/p{ ^ HcD^lg|3fBW(7?2»«tt«^^^5ft*ll2 6 7Xtt 

2 6 8 Xf4 2 6 9 ^fE*6<D#?L|f «ffiT1? >"7* y — „ 

2 7 3. ^ ft 3 ft^jj 2 7 2 flBftO Tir ^ V — a 

2 7 4. i«titi^\ >sm.$&rh tt, e^t>*e^/-r y w 
zMfc^mistitimtfju-i^tL b (Dm^-B-fr^rfr h & s^^tfii^ 2 7 2 

fS«(75Tir^^y- 0 

2 7 5. iS3S^/5»e>^5gt^2 6 7Xtt2 6 8Xf42 6 9|l|Ei(D7 

ir^^y- 0 

2 7 6. S53S?R^, mt^T h y V A tr^'tfif *S 2 7 5 fBtt^Tir y — 0 
2 7 7. mt-j- h y ? A % maJUtttllZ.T&\,^tfc$:T%2 7 6mm<DT± 

„ 

2 7 8. mt-r h y 9 m&/om%-vhz>fit$&. 1 oss« 

279. mmmK mtzv 2 7 5^m<dt±^v— b 

2 8 0. m#<DtB&Llfi s mi 5 0 0 ■ cm^TT* &5ftjfc3g2 6 7XIJ2 6 81 
tt2 6 9{CfH«O7-fey^y- 0 

2 8 1. ^ffcCD^^, JKjI OQ • cmJ^T-Cfo ; 5ff^2 6 7Xtt2 6 8Xii 

2 6 9 iz.tfte<DT± i/y* y — o 

2'8"2'.lft©W, m 5 Q • cmt s $>5ff*Xl2 6"7Xtt2 6 8Xtt2 6 9 
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2 8 3. m&& : t<Dffmz£ ?)mfc<Di&m%mMi$itzmtf%-$&m#m2 e 7 

Xtt 2 6 8 XfZ 2 6 9 (CfS^cDT-k ^ V — 0 

2 8 4. «^<D#^J; <9^<D3te^PSriiJn$iir5/I>^< HloO^t^ 
'14**t^tfft*^2 6 7Xf4 2 6 8Xf4 2 6 9 klfH*6<DTi? ^ ]) — „ 
2 8 5. />^< HloOvft^W, ^M#3Sill4m#^fe^5ft^3S 
2 8 4|E«<DTir^y>- 0 

2 8 6. mm**<n^\z£ymfc<D&m&mM£it5#4*>&mtt&^t*tto 

2 6 7 Xf± 2 6 8 Xfl 2 6 9 Klf2<cCQTi? ^ V — 0 
2 8 7. ^ttift^ <f y ir n -/^-^fr ff^if 2 8 6 ffi«W Tir ^ y - 

o 

2 8 8. ^^->"t4*$r^^^ h-^^tfff*3§2 8 6mm.<DT±>7>V — c 
2 8 9. #?L«*#(^m^^\ |!)500Q • cmi!) ^C^ff^lf 2 6 7X 
?i 2 6 8 Xf4 2 6 9 (CfES^Tir y — 0 

2 9 0. ^K«mU(Omm&m>, m5 0 0 Q • c m^T^Sst^^ 6 7X 
fi 2 6 8 Xft 2 6 9 ^fEtt^Tir V — „ 

2 9 1. 4>&< t tl©- »\ ^«t»l4-^-atfff*^2 6 6 8Xtt 

2 6 9 ^ffiifecDTir^^y — 0 

2 9 2. 10|fttW«l?fe5!iM2 9 lfm<DT±>7l)- 0 
2 9 3. ^#«t±*#^##?L«"efe5ff^Il2 9 im&<DT±>>-7y— 0 
2 9 4. *mt£StW, ^(DJi^#*^:bfercW^^^5lt^2 9 lfa«© 
Tir^^y — „ 

295. mmsmmK m\'^hntcm^(b^^m^m2 9 ist©7t^y 

2 9 6. ^«f»W^. ^*^fflU^«P^"e$>5fS*3®2 9 lfS«OTir^ 

^y-o 

297. mntemtf&s ^^-m^mm^tcmm^nx^^^m^^^^t^^ 
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298. 'j>te<t hm<D—mmu,&mtt~ete^n3&%2 9 iwrn^wmr^^ 

2 9 9. {^f£< t h^(D~ UtmM^mUX^ V>f»*5C 2 6 7Xli2 6 8 3U±2 
6 9 KHaft^WSir U — „ 

300. $tb\^ mvTtti^mfr&tejfrtztiiito^ ^m^xm-^x 

htl^U^t^m^M2 6 6 8Xf4 2 6 9 fcflaft©«(fiir ^ V — „ 

301. @f*^^w^\ &jiuira-j&»e>fc3f»3fc9(3 o owaigoT-fe^y y — 

o 

3 0 2. &mmtti!>K W^y^»M3 o iEt©7ty^3)- 0 

3 0 3. #JSSf$t^\ ^^>-l-^i|Sl^tfft^3 0 lfS«©Tir^^y — 0 

3 0 4. H#^«rSPfi-^, /7^f y^»^i5«*S3 o 0E«O7ty 
■7 V -„ 

3 0 5. BfldfcJ3S#t^ MH^fRj^TO^m8t^UfcM#^t^J:5M^ 

3 0 6. #?LW^^^^6ff*il3 0 0fB«cCOTi?^^y 

o 

2 6 7fS«(DTir>-^y- 0 

308. < t hwrnn 1/3 ^unmm^^m^m 307 mm<^r± 

3 0 9. #7LSf ^*r* s > < 1/3 & £ & 3ff3fc3S 3 0 7 fettO 
3 10. 33$&^-T5#x— fVi^a— 
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3ii. ^Sr^-ra # t , 

^LT, iO^ti^tiiL, ffi^^£;ftfc4>fr< £ loonies 
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3 13. j«3I^£>&5ffjJfS3 1 0Xtt3 1 1 2^|E«(D^ 

3 1 4. ffi35?£^\ tftt h y *A£rgtfffl|3fc3g3 1 3ffi«cO^g 0 
3 15. i£{b^~ h y !>A©iS^\ iSfPXf4^fL^KV^f^3 1 4f2«<Z}g|« 

o 

316. mt-r h v v&nmmiK M±m9mmx^m%xh^mm3 1 4ia 

3 17. if5§ffl£^\ »^7y ^A^#£pff^3 1 0Xf±3 1 1X113 1 2 ^fS 
3 18. »W*g£i^\ 5 0Q • cmOT-Cfc5fflte£ig3 1 7fE«C0gg o 

3 19. Wm<Ol&ffiit^ mi 0 Q • cmJ^T-e$5 5ff^3 1 7fSttcDg|« 0 
3 2 0. - cmT?fc5ft*3S3 1 7fE^<£>^g D 

3 2 1. ^<D#^J; 5 3K^©*!r^Sr±iiD$*53l5*fSr-g-tff»^3 1 

0XfSXf4 3 1 1XJ4 3 1 2{^|E^<D^g 0 

3 2 2. ^^S^o^^J; Vmfc<D>i&m*i%M£ltZ>'pt3:< fkl<XD^^ 
tt*#^-a-tfft^3 1 0 3G4 3 1 1X«3 1 2^fB^O^«o 

323. io<D^jris®mm$, mtmwmm^mm^^^m^m 
3 2- 2"iflf0^er - --- — — -~- - --- -- - — - — ■ 
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324. mm^<&wmz£vmfc(oi&m&Miu^z#4*>'\mtt*^-&m 

J^mS 1 0X&3 1 lX\t3 1 2fcflB*M>3£1to 

3 2 5. ^ V ir n — /VSr-g-tfW 3 2 4 fE«(75^» 0 

3 2 6. ^^lH43f?#tfW- h~/l^-gtrSfcJ£«3 2 4fE«(DS«c 

3 27. #?lic***;^ R^atiaii!S^e>*:*t»^3 i 03m 3 1 ix«3 1 2 

3 2 8. #?Lf€irW, ^#?L«J!I^ 3 10Xfi3 11Xli3 12 

3 2 9. &H9£mW<Dnfti&&i&. *& 5 0 0 Q • cmi!) V^ff^ll 3 1 0 X 
{4 3 1 1X^3 1 2}CfE«^^«o 

3 3 0. #?LW*#<D«^SfeiC^, S5 0 0Q - cm£J(Ttfc5SS*3 3 1 OX 
S31 lXtt3 1 2 iClEicOSgo 

3 3 l . ypf£< t ^m<D—WK tlttif SrSt* f»3ftJg 3 1 0XB3 1 lXli 
3 12 fcSSttK^flfc, 

3 3 2. ffi©3!C*tt*«-aS#?L«-e*>*»*^3 3 lfE«©^So 
3 3 3. «©*«tt*«-*S^#?LJC-CabSf»*«3 3 lfE*c<7)gfi 0 

3 3 4. 4>&< -hM<D— m>^UMitmWC^^m^^3 3 iS«©iS7ty 

335. thm<D—^tmmkmnx^^m^3 1 0x143 1 13m 3 

1 2 ^fEtt^mHTir 1/7* V -o 

336. as^5icisi«fcjE^s:#^, mmmm^mm.^ d £ 

fe5ft^il3 1 0XJ4 3 1 11(4 3 1 2}:fEi©Ii7ty/!J- 0 

3 3 7. Sfrfc < t hW$Lm<D 1/3 ^7LS*#^^VNf»^ 3 3 6 fE«© 

338. ^Km.mmK j&&m<D'pt£. < t % 1 / 3 % sit^i 336 tm<D 
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340. ^nmmmmm'immmm-r^mMm 339 lEg^Ti? ^ y — „ 

341. zcdk, mn^j^- %mmi-%fr «> mn&mu&n^*^ 

342. wmmutK mm^^ti^^^tm^m^mim-^h^mm 

3 4 lfEttcoTir>-^y— 0 

3 4 3. #7Lfr*#3riI ttl^('j;5t^x^;^-ro^ 

V b £«?Lfclt*ig 3 4 1 |E«(DTir V 

3 4 4. 3jt«ttJi 1/ ^ ^ h ^ s If© ftgp^j&tf) f£ (D3»||te«S^^ b ?£ 5 ft 3 

4 3fS^T-ferV^y— 0 

3 4 5. £ ft 3 4 4fS*OTir^^y- 0 

3 4 6. 2»mt£*S^ ift^y&frfc Lt, VWJ»frtbte 

f2f4<DTir>-:/y — „ 

3 4 3SBK<^T-fe^y — „ 

3 4 8. ^«tt*#^J; ^^^ttfdf-^-^S-r^fcfe^, -e©9Mi 

ttm^t-^Lfcozl/^ ^ hSr#^fcff*il3 3 9X14 3 4 OfEttcDTir^^y 



349. $e>m, «m^/^^-^^-r5/^a6(-, mmitmu^mm.^^ 

3j£5 3 4 9 fS^OT-fe >^ y — o 
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3 5 2. ^©rt§PISS6<Dtf oafmtt«flid^5&5gt^3 

5 ifEM(OT±^y"V— o 

3 5 3. 3f«ft«^*S % »^m^^^Sff*JS3 5 2fEicC0Tir>'^y- o 

354. ^mt4«fes s ^»ax, 6MD ! ev^yv ! !)A^f,^ 

5S¥^^^fmfc*#Xfi^fLb©m^M^^^5*#^tflt^il3 5 3 

355. 3»mt4*w^ ^frmm^^n%4*i/tmm*sm?£mimx*&%m 
Jkm 3 5 s mmcor± i^f y — 0 

3 5 6. bh^(D~m$, mn&mm^%:vft%$mm&m&mk, 

3 5 7. #7L«*«-*s#«tt*#fc5^i-S»*«3 5 6S5«^Tir^yy- 0 

3 5 8. mm,^^-^mm~r^tM^ mM^^-mbmmm 

mtt&ffi&ir&^U^ >- h^#x.fc|f^il3 5 6Xf4 3 5 TfB^cDTir^^y — 

o 

359. mmmmmK iktz.mm^^th&4*^mm^mt£mmx&%m 

3 6 0. **t4*«-^J:D^^n5*^{f^f5Si-5*«t4«W^ 
*t#Ufc^l^p< >h*mx.tcm^3 5 6Xf4 3 5 7fB«c7)Tir>-^y- 0 
3 6 1. m^^^^^r— «^-T5fcfe^, 9f«-ffi5ff«-Sr«^t3i^/W^ 

-M^-a-bfc^l/^ >- h^«x.fcff^!3 6 Ofa^tDTir^^y — D 
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>km 3 6 1 mm<DT± is y — 6 

3 6 3. mmk^\s*isYiiK M<DftmMM(D^(Dmmi±nmfr!b?j:z>m$im3 

5 6XS3 5 7 \zmm.<DT±^-7 V — 0 

3 6 4. 3tft&tt&;^ Jt^JR^P,^ 3 |f 3 6 3|E«©7t^y- 0 

3 6 5. £»ifc, ^M&iAy^^A^e,^ 

3 6 6. mmmmK nsft^omm&mk-rz «t 5 § ^jf^^^^it^ 

313 6 5Xfi3 5 7fE*^Tir>-:/y — o 

3 6 7. #?LSt*tt2S, K^4Kflfflld^Jic59l^3S3 5 6Xtt3 5 7fE«^)Tir 

^y- 0 

3 6 8. &nstm#&, n&wtmt*tbt£z>n#&Lz 5 ex«3 5 7t2!ft<DTi? 
y — o 

3 6 9. #«t£**t^\ M^#^bfefeMm^^^5f»^3 3 91(43 5 6 
3 7 0. #*t4*fi-^\ ffitefl£kjh,fc?&a» 3 3 9Xtt3 5 6 fEiftcD 

r-t^^y — „ 

371. mnis&m&. l^m^ t ?i 3 3 9x»3 5 6 

372. mm&mttiiK ^(D^m^m^t-mu^fix^t^m^^^t^ts: 

SSfjfcS 3 3 9 Xf± 3 5 6 ^IB^cDTir ^ y — „ 

3 7 3. KaWK36»£>fc5S*3fr£3 3 9Xf±3 5 6 fcl&fljOT-fe^JJ — 

p 

374. mmmvK mt± v v v**i?ttm&&3 7 3wm<d7±^v- 0 

375. mtt h y ? A(Z)«j*^^ isfpx tu-agi ^ft^ 3 7 4iaft(DT-fe 
^-7 y — 0 

3 7 6. Jfrffc-?- h y *^9S*/^%-C&5fS*3®3 7 4 15 
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377. i*i!gj£as, mk*v v^**a&n$tiK3 1 3iE«oTi?^:/y — 0 

3 7 8. IftOlKiJ5, 50Q ■ c m^TT? *> 5 8t*K 3 3 9 Xft 3 5 6H 

3 7 9. mfctDMtfifrK m 1 0 Q • cmKK*5«M3 3 5 6 f^lfS 

fSc<Z>Ti?>":/y- D 

3 8 O..mt<DW0tffi > S5Q • cm1?feSft^3 3 5 6 lC§E*ft©T 

3 8i. mm*. *<Dtt\z&vmfc<nttmt:wiR£&zm#$:'£ttni&&3 3 

9 X« 3 5 6 \Z.$E&(DT± >•? y — „ 

3 8 2. mm*. *<o^\z.&y>mfc<Di&m*mMttz&t£<k^i^<D4* 

^mtt&^&m^K 3 3 9X(4 3 5 6 fcfBJttOT-feV^y — 0 

3 8 3. 4>ft< fct, lo^-r^-^-|4*W^ ^lt^#3Sil'ffi*#^^^6ff*]S 

3 8 2f5^<DT-t^^y— „ 

3 8 4. mfc& s *(Dttfc*ymft(ott&&mija£&&^*i'&mwtttt 

m^m3 3 9Xf4 3 5 6Kmm(DT±>^V— o 

3 8 5. ^y-fen— /VSr-S-tf|»*5i 3 8 4faROT-fe^U 

o 

3 8 6. #-f^^tt*W^\ b-^^tff»^3 8 4fE*J<DTi?^:/y- 



3 8 7. &3LRm&<Dm§5.m&L&, 11)5 0 0 Q • cmJJl±T&5M3 3 9X 
ft 3 5 6 \Z.^M.(DT±>"7y — 0 

3 8 8. &HWmtt<Dn^tf&tfl&, ffi5 0 0 Q • cm^T^&5!l^3 3 9X 
ft 3 5 6 tdfEJg^Tir^y-, 

3 8 9. ££,{31, M<DT(-^#5t#:^«i-5^&^ N rtasWrt-Cia^T 
btbfcWWSr^tP»^5C3 3 9Xft3 5 6 fclBttor-fe^ U — „ 

390. mw&n&tttK &mm&i)*t>t£&n&E.s 8 9mm.<DT±^v- B 

3 9i. - 9^^^^ijm^3 9 oiottcor-fe^-p^; 
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3 9 2. &mmW, ^-T>-^^IIl^Mt*il3 9 OfSfttDTir^yy — 0 
3 9 3. mfc3CWm&, 7?X^y?mttfrt)ti:5ttJ&%3 9 0&&<DT±>' 

394. mi$3cwm&, mmjjmzmfe<Dmm*frvtiM&& t z> ± 5 

3 9 5. @{««$^\ #?LW^M*^fe^5lf^il3 9 OfSftOT-fe^y 

o 

3 9 6. ^HWmttfrK ^7fctt"efcSft^3 3 9X113 5 6 ^fSJftcDXi?^ 

3 9 7. rtfPH*^S^fcrt^«^^-^^#:^M^i h t> 

fc, #?Lf*#^^©^i±^i >9^:#V^AL^^Ofii:^^5ft^Ig3 3 9X 

398. miwmm*. m7k&x-&z>nj&%3 9 ne^T-ir^y-, 

399. 4*i/^mmwmh, 

"4 0 0. £ 6ir; ^©^iWWIf f llliro^ citfix ^ b^ji ------ - 
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> h^^Lfcff^if 3 9 9ffiisc7Dg« 0 
4 0 1. 

4 0 2. MHWtS^tti?), M^LV^fl^W 

$JJP:2rjfc&1-5 n t^"C#5gf*g|3 9 9XJ2 4 0 0XH4 0 1 }cfE«c(D^g D 
4 0 3. nyhn-y-^ ^«»aittSr§JK^« £ K: £ t) % Ml£ LV^M^ 

ifMts ^ i: sft^tJg 3 9 9Xtt4 o ox«4 o i KmmcDmWc 

4 0 4. ^^-^^^-rS^Mir. 
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4 0 5. lo^iWcIf^MSro^Citttxi,^ ^-hSr# 

4 0 6. ^^->-^^-1-5^f«i> 
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*IJ|4 0 4X?4 4 0 5XJ4 4 0 6 ^|B«O^g 0 

408. &%mmw, mwmmwkfrt>ti%mim.4 oixs4 0 6 Kmm^m 
4 0 9. ^iLfammK w^mmfrht^nimiA o ixt44 o e {cie«©s 

So 

410. mmk^-u* is M<Dfo&mi$tft<Dmn.femmx*hz>m&m4 o o 

Xf4 4 0 1 Xf4 4 0 2 Xf4 4 0 5 Xf4 4 0 6 fcSESfctf^fifc, 

411. mms-mmK mizttm&vtoitmmfrtbtez>n&3%4 ooxs4 o 1 

Xf4 4 0 2 Xf4 4 0 5 Xf4 4 0 6 KfBifeO^flfc, 

412. 2»mt£*#^ m^^titcm^^^^m^m4 o oxb4 o ixii4 

0 2 Xfi 4 0 5Xii4 0 6 ^f5«c^^g 0 

4 13. **tt*#^ N ScD*^^ffibfcg|3^-l?fe5ff^il4 0 0XJ4 4 0 IX 
»4 0 2X14 4 0 5X144 0 6 ^fE^Sfc 

4 14. M|*4St$^, ^W^ffiLfc^^tL-CV^^V^f-^y^-^d^^ 

Sft*3S4 0 0Xtt4 0 1X144 0 2X14 4 0 5XJ4 4 0 6 ^fE*4<D^S 0 

4 15. ^#^iS53SM^^5fi2£3S4 0 0Xf44 0 1XJ44 0 2X144 0 5X 

f4 4 o 6 Kmm^mUo 

4 16. i^©iS^>\ »150Q - c m^Tt?&5S*^4 0 0X14 4 0 1 X 
(44 0 2 Xf4 4 0 5 Xf4 4 0 6 fcfBttOSeft, 

4 17. Iti 1 0 Q • c m^T^feSIf ^4 1 6 fE*c<Z5§£ff 0 

"4'l 8.- 5 Q"- c mKTt »§f t«4 1 6 ^M^MWio - • 
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419. ^Timmtf<Dmn.m.tjLfrK ms o o q • cm^_t-t?&^ft^4 oox 

f2 4 0 1X114 0 2Xtt4 0 5X114 0 6 l£fE4&£>Sft, 

4 2 0. ^MM^(OmMmK1fi, $J5 0 0 Q • cm^T"C*>5»*3g4 0 OX 
{14 0 1 XI4 4 0 2 Xf4 4 0 5 4 0 6 l£fE^<D^R 0 

4 2 1. #?L5f*Wa s IB*ttT?*>5l»^33(4 0 0X14 4 0 1 Xli4 0 2Xf±4 0 
5X?4 4 0 6 fcfatt<D3S«o 

4 2 2. A— ft»JEE^^S»tytrta««^^>^^a£ft:4r3ffittU # 
TL5t*Wrt*fPJBE^J; 9^*v^fi^j#cott*3firi-«lt3ftgC4 0 0Xtt4 0 1 X 
(4 4 0 2X(44 0 5X»4 0 6 iCfEg^SS, 

423. mmmmm7^'\i'r:h^m^m4 2 2is«^« 0 

4 2 4. rt«p|(Hfc&ffltr«£s 

4 2 5. #?L«^#?riiur*^^=¥— <D4JrlsmTg&»SMb1rZ> 

If ^11 4 2 4mM<DT-tl/^V— 0 

4 2 6. »*ttxi/^ ^ ^(75TOfI^^Ic03»«t4mffi^fe^5ff^4 2 

4 2 7. iiftii^'til^ ft 5 If 4 2 6fS«c(7DTir^^y— 0 
4 2 8. &tt&«ffi£S % tim&ftbVX. ^ V 
5^^^{mfc^Xf4Wb^a^#^^^^2)*#^#tfft^:JS4 2 6 
fe^Tirvyy — „ 



(47) 2002-528039 

4 3 0. rt*fPfH#«rffl5fi-CfcoT, 'J?t£< t h^tDM^-mK m&^/l" 3 ? 

4 3i. zhK, mm&mm^tkftitsfttc mnm^mm-r s fc ^*t»w 

4 3 2. flfxl/^ ^ h*S, S<Drt^J«rtO#«tt«ffia^'&5lt*gC4 3 

434. iittti^ ^»iLT, ^ eMt/st/^y^^A^t^ 

fE^Tir^/y — 0 

4 3 5. #?LfTiifW, Bi^ro®iSSrPJjh1-5«fc5^#^^^$ti^:et* 
i!4 3 OIBttOT-fe^y— o 

4 3 6. ^mmmm^mmmfr h & s mm 430 mm,<D r± y — 0 

4 3 7. #7Lflf*«-^»^?L5tfll**fe3&5»*fi4 3 0lS«WT-fe^y-„ 

4 3 8. 3SK^*J3SK^b^5S»^4 2 3XS4 3 Ol^cSf. 

4 3 9. ffi^^^t^- h V V-k %^t?M?km 4 2 3 EtOTt ^ 9 — 0 

4 4 0. itffc^ h y t&fnXfi^^ifiV^fjJclf 4 3 9fE«(DTir 

^ y -„ 

441. mt-r h y ^011^, f ^ 9ii/*i%-efc5»*«4 3 9 is 

442. *&ffc# y t >^^^ft*ii4 3 6iaiferoT-fe^y — „ 
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4 4 3. m&<Dmfttf, 8150Q - c mKK'fc^M 1 Xf44 3 0 

4 4 4. - cmEIK*fc5»tS4 2 2 3U24 3 0 Km 

4 4 5. JfcflcO&JiflS, #550- c mtfc5Sf*S4 2 2Xf±4 3 0 \Z.&M<D7 

4 4 6. mmK ^(Dftm-£ym&<D*m%Mm£^zmtf&^mmm4 2 
o xtt 430 tsEtort y — 0 

4 4 7. jjfcfra^ ^-©#Sl!iJ;9iift:©3te«SrliJnS^-S^j;< Hlo©^t 
Hlfe(M*£r£trgt3j£®4 2 2X54 4 3 0 fclBROT-fc ^ V — « 
4 4 8. Sfrfc< t> 1 o©^tyft*ft^ s ^^Siittm^^^Sff^I 
4 4 7fS*fe(DTi?^^y- 0 

4 4 9. aCflcas, ^cd#S^J; Dj«ff©ttlE*l|KWS*S^>f^-^i4*trSr-d-tf 
»3ft3C4 2 2Xf44 3 O^SEftOT-feVyy— „ 

4 5 0. #N^>-tt*W, >/ij-fen— ^Sr^trS»*3S4 4 9|BttOT-fe^y 

o 

.451. ^>r^-^tfc*W^. h-^^£f|»^il4 4 SfEife^Tir^y - 

o 

452. mmmu^mMM^, ^5 0 0 q • c m^_hr*fe^w^4 221 
ii4 3o miBttor-fe ^ y — o 

453. mmmu^m^in:^, m 5 0 0 q • c m£tr-efe5f»^4 22X 

(±4 3 0 KlfEtlOTir ^ y — 0 

4 5 4. «OT^««5fift:iir^dfr5^:«>fJ: % [^g|3W^T-|a^5zT 

bjh,fcas#&"£!>|»3fc£4 2 2Xii4 3 O^fS^OT-fe^y— 0 

4 5 5. B^msW 5 , ■^JR*«-^fcJ&5»*aC4 5 4fS*fe©T-fe>'7 , 'y- 0 

4 5 6. #JRitW\ = y^/l^*^«r-£*rf»:j&K4 5 4fii©7ty^!J^ 0 

4 5 7. &M£#t>** ^-^^l^^li^tftf^3S4 5 4S«O7ty^y- 0 

4 5 8. |3 • -> 7^ 5- 5/ ^ 6 ft <5 If ^Jft 4 b 4 1 d*itfj T "i? ^ '~ 
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4 6 0. @#3c»3W, ^7L*#iSffca»kfc*lll3ftgU 5 4fEg^Ti?^:7*y 

o 

4 6 1. #?Lflt*«-*S, ^ttt?&5g»^4 2 2X(j;4 3 0 ^tm<DT^ l^f 

y-o 

4 6 2. Ar-* >tK ftUEExt:3ttiitfttomm\zj*i^f[mft&mj&k t % 

{4 4 3 Q\Z.mm<DT±ls7*V— a 

4 6 3. ^LR^^^-e^sff^rglH^^T-fe^^y-o 

4 6 4. jjris^mwmk, 

x.z>kkh\-, mmimmmn^^-zmrnvx^zm, miw&mvx 
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4 6 6. <i*ls^Wttmt. 

4 6 7. ^ftg|a«0§I|!fefcJ:5, M*UV^1»»^:0^ 

mzft%)-Ch%m$:m4 6 4Xf4 4 6 5Xfi4 6 6 fcfE«tf>^«„ 

4 6 8. nyFn-7^\ '^JMteJBfe0393^J;5 % UV>ffiJfe&PlSft3&^©^ 

j^^^j-efe5tt*ii4 6 4Xfi4 6 5Xf±4 6 6 i^mm^mWo 

4 6 9. -T*>^n«f**t£, 
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4 7 0. $ m<D^mw^(omfcb&^%^t£<mms&^u * i/ 

(Co^^tLfcit^4 6 9fEfc£>^g 0 
4 7.1. -Y^-^^ffi^, 

f g £ i~ 5 = ^ h n - 7 — b d»6> ft 5 ^mito^i 

4 7 2. #?LW*#^\ iS^FOiiifiSr|Jajhi-5 J; o \zt£±% £ \z.M$LiStitz.m 
6 6Xtt4 7 1 ^fE«cOS«c 

473. mmmmK mmmmfrbf£5nj&T%4 e 6xu4 7 1 ^tag^is 

So 

4 7 4. #?Lf»t^\ ^#?L«Il^^^Slt*ll4 6 6X114 7 1 {Cf5*fc0)£s 

[illlo 
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475. tifexv^ ^btK m<Dfrmmmft(Dmn^nm^hz>tmm4 e s 

Xf4 4 6 9XS4 7 0X114 7 1 K:fE*4<DSfi 0 

4 7 6. ^{^K^^^ftSft*^ 6 6XJ4 4 6 7X114 6 8X(14 6 9X 
tt4 7 0X«4 7 1 l£35ft<«Bo 

4 7 7. »<7}JStl^\ 8150Q - cmOTt?fc5Sf^4 6 6X114 6 7X 

{4 4 6 8X114 6 9X14 4 7 0Xil4 7 1 {CfEtt(D^» 0 

4 7 8. l^OSK^N #b 1 0 Q ■ cmOTT*>5lll*3fi4 7 7ffi<fe(7)^« 0 

4 7 9. If^©SK^\ *&5Q- cm"C*>5St*S4 7 7fE*c<^g 0 

4 8 0. #?LfC***<Z)«M3g^ N #j 5 0 0 Q ■ c m£t±-e*>«ft*5l4 6 6 X 

{44 6 7X14 4 6 8X114 6 9XS4 7 0X(14 7 1 l::fE*&<£>^1to 

4 8 1. #7L*t**t©*««*t*S^ #&5 0 0 □ • c m^Tt?fe5lt*ll4 6 6X 

{14 6 7XJ14 6 8X114 6 9X!14 7 0X114 7 1 fcfS«0^1t„ 

4 8 2. #?LK*#^H7Kt4-efc5ft^il4 6 6X114 6 7X114 6 8X114 6 

9X114 7 0X114 7 1 {-fa*(DS* 0 

4 8 3. a^-*is&^ ft&j±ti*^tffrfti®mm^*i/^m&&wm^ # 
MitiJ^^E^ 4 v±%^fett&<Dm&j?-rzn$v%4 e 6x114 e 7x 

{14 6 8X114 6 9X114 7 0X114 7 1 fCfaft<Z5|£« 0 

4 8 4. #?L«*Wia*t4-efe5ff^ll4 8 3fE«c<7)=gff 0 

4 8 5. rati^is^ mmKmrn-r^xoi^vHUrhtit^mt, 4^ 
mm ft comw- 1 mm-r % u^^vt &^&nm t N 
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4 8 7. nyhn-7^\ ^ h ^<D*^§3^^^=¥— (Dfcm 

4 8 8. a V ^^ttJ*-C**tfl<I§J|^3c^/I^^— 
>-h^»-r5tf*ll4 8 6fSifeC0^tt o 

4 8 9. ^ffi^^-^^-gJ^^/^—SriR^bTV^SIW^ Ifefcpc Me 
±511^^5 Sr, 3 ^ h n - 9 *-as£J&f SSt^gj 4 8 6 IS 

4 9 0. nyhp^^ JH8!Wfc4>£< irfc lo©tftfci:=.i^ yMdi ^ 

49 1. ,J?? £ < @i©tll©^§ «r-£tr3* UV^^ 

^Xtt-t^liL^XO^U^. is b<HB*.fca|:fcfi4 8 5XI±4 8 6 fcfEHKO^fio 
4 9 2. «W-T^>-W{--Kl^^^^w_^^ bTVN5rp ^ tfefcuc 1^ M£ 

4 9 3. nyhn-7^ 4>ft< fcfcio^^^w^M-JiOfcfcSjh/fc 

4 9 2t5fto^« 0 

4 9 4. nyfD-7^, ^iO#7LI*|t© liTOS%iSt5it« 
4 8 5 XffiTs ¥J£fB^^M'ttr'"' " " ' '"■ "" "" " " 
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4 9 5. nmmUmmK »50 0Q - c m£iLh-C&5tlMSSC4 9 4f5ttC0^» 

0 

4 9 6. ffi 5 0 0 Q • c mJ^TT^Sfi^f 4 9 4f2*S<D^g 

o 

497. mi$<DBwmnm.m.&M7£-rzm$im4 s 5xit4 

8 6 ^|H*O^« 0 

4 9 8. »©g««^^t^ > ^ji 5 o Q • cmaTtfe5W4 9 7fE« 

4 9 9. ftCfrO B*«53C®K**, #J5 Q • cm-efe5ff*ll4 9 7ffl*c<Dg|ft 0 

500. = ^ fn-7^\ &Kwmtt&mzmfc<Dfc{mffimm&%L7£rzm 

8 5Xtt 4 8 6 ^iEfSccDagft, 

So 

5 0 2. nyfp^-y-^ />^< fc_*>SP^fi<Ifc*aEjfi^Sr*«>5fc«)fc, 
«0«M^i-5ft*ll5 0 0fB«cD^« o 

5 0 3. aybn>-7^ ^&ffl&fcmkVX^Zmffi\Z.iEmVX%m&tl 

5 0 4. nyhn-7-#\ £ 9 :j££lJ£tWt-f VfcT— 

lai^t-^fc&fc:, #?L«^#^ii5^{«#:c75«M^^^-t-5ft^il5 0 

3 mrnvrnWo 

5 0 5. ny^n-y^, #?L«*#SrS5M#:»0?»^^, t£*P#S 
M5 0 3IE«cdS« 0 

5 0 6. *^M^^/^-^«^MSi^^^^-^^^5lt*il4 8 5X 

{i4 8 6 izmm^mWo 
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So 

5 0 8. a ^ Fn-7-/5\ P&WilKO B«*&ffitfL«r3a£-r3fl!3ftg[ 5 0 7. 
5 0 9. g««^Stas, #55 0 0 0- c m£JLbt?&5|»3ft3g5 0 8fE«cDSlg 

o 

5 10. ia?«*CS^aS, #55 0 0 0- cmJ^T-C&-5»*3j5 0 8fS^(D^S 
5 11. &TUgimtttK »#?L»Ra»&fc51»3&g4 8 5Xt±4 8 6 fcfEgcOgg 

So 

5 12. m#?LKIl(DSII«M^^^t-5ff*il5 1 1 
fSttwSgo 

5 13. #5 5 0 0 0 • cm^_bt?fc5S**3S5 1 2fH*^Sl8 

o 

5 14. Blttfi^t^, #55 0 0 0- cm£iTl?fc5i*55 1 2fB*fc<Z>Sfli 

o 

5 15. ny^n-7^\ rtWffl«Ort*fBJEE^«r#M*#0|&^fe^<Z5|tt£jl 
T^^-T ; 5lf*ll4 8 5Xf44 8 6 fcfE<fe<£>Stt 0 ■ 

5 16. rta««*H*i|Hj»K:*6ftliUfeSfc % ^tytfl*^ft«tit 

1 t M 2 tf?^£q^ <y y t x 
2 0f^xV^>lSo41^fcny>'D^7^^e4 ' *" 
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5 18. Ml t % 2 CD^ft^ V > \Z. J; D l&fcl^SMS 

5 19. i £ £ 2 ©^EJtfcflKSrifi LT, I»^x^ 

5 2 0. mmt^ ^r>-m^-mm^^—^m^xv^m, ny^n^y-^ 

1 6fB<£(D=gg 0 

5 2 1. ^hn-7-i5\ Hi ^^2.^^qjcix^^h^j: DtftftlSfLSJft*' 

522. a^>n-7-«s, ^< ^^g^taaoai^sr^tfM^Lv^sejg 

5 2 3. ^-y ^^^;i,^w.^^ t 5 w< B«**iag&#«rj& 

lif 2 ©tt*n^ ^^Ma5»i^*5^t Sterns, ^tsmt&m 



(57) #$20 0 2-5 2 8 0 3 9 

526. &tt< khi ^(D^mmucDmmK w^nftmt^tt^n^s 2 
2 m^mWo 

Tt-^1-5if^l5 1 6fS«(D^« 0 
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92^9^25 u\z.mmzfritm&^<D*mm&mm3t*kmo 7/951, 72 

'M^J^t 1 — r/i'J <zx£?TCl 9 9 3^7^30 B(-miS^nfc#S^cD*H 
4*fFfflJR#-i"K5 0 8/0 9 9, 9 9 4*©— SP^JR ttJlfCfe 5» 

Xtt6>«r*#JRW*ffK§lWi©f»<7>A-Vfl|fc»oT, Xft<bBm» (AFL) 

Ld»U (VT) ©Sf^^tSi^ii, 1. 5cmi!)i^ 

gaS^^"T\ 2. 0 cmiO^^gT, Hi cm^Wl^L 
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Sffltsrtft © f m m & mm ft £ «t 9 ® v 1 1- 5 1> <d t* s> 5 
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* k mm t xmm s n % mimmummw-^umm^-xmntmmx *> 5 

o 

tLfc^T-^bTV^, Ell ^S^^^AicBBaiUT^SjxS^M 
EI 6 fi % ^S»^-^©^m-J:oT«ffi«3t#:Sr^(D^^l(8-e^LT 

ei 8 ft, ei 4 \^£titz_nu^fc<Dm^mn<>x^ ^ynm&&%^vx\^ 

EI 9 £tife4 > fc°— ^ EI 4 fc^&;frfcm^#rojto?L£ii5^ 

TV>S. El l i^$nfe^^A|tB8ilUT^$^«ft#©#?L««a^5fifr 

eii la, ^<Dm^i^(Dmji^i^(D^t^M\^^^xm^<D^<Dy<^~yizm 

te«i®El-e&s 0 

eii 2^, ^^*^f*^»L^*^wfiij®^^oTjiia^^^PSis$^LfcE:w 
«-esa^ju7t v ei i \^^tit^^Mz.mmL-x^m^M^im.wmmm. 
w-<D%z-x®mmxih% a 
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eii 3 fit, mi 2\zL^nt^m^m<omimm^mw^mmir^w:(Dum. 

SMSffl bT V ^ <£> b T I ^ 5 IfP^SfeBf <£>fl!l® El "C 5 „ 
HI 14 ft, M ^^?L«S^ WVht LTV^5, Hl^^tL^^T"^ 

11511 ^W^tSffbTilofcy^-r^ioT^^^fcW^i/^v 
Ell 9ft, #?Lff ilt©?fiv'- h ^ f) #?L11S*#:©*® fcWt^ 

ftm~r z>t^$> (DMtfrtm t^K wi^gi^Eis;^ ^ b^si -r*& s „ 
02 014, ^nmu^^-h^m^^m^m^^iim^ir 

So 

1212 2 ft, [212 1 ^£ftfc^b&J»£ftfcv'-- h^^#7LKS®W(Daff 
1212 4 ft. 1212 1 fc7jk£ftfc^Cfrl&ffi-£tif—>— hfrt>0JLWnm^l*(DlS. 

{iLiQm^mm&itmirzfcib^ 1212 2i^^fifctt±ifmHnm^^x 
mm £ ft 5 *£5inrti^a:Jbft'M#ft% ^m^m^ \^vtmx^?> 0 
si 2 5 ft, 121 2 4 \z.&£tLit&w%mti:mHtfmz£^xte&&nit&<Dg>iL 

Ei 2 6 ft. m^j&(D^Kwmm^m^M^&$n&m(D^LMnm^fc<D 2 
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02 7ft, 0 2 6\z&£tifz2^<D¥N&RMfr&Rmi^- ACfSoT^tS 

028 a«, E^iait^^i £ v ^ j: o \z.^w-<Dmm^mm^—^m.n^ 
7 ^^n^^?LW«ffiW«fMfPif^0-efe5 o 

02 9Aft, 2o©tf«W^v'-Atfp v oT^U 
£;£^<D rt#J fc|g ft 5 fc * bfc^(c:?FM $ fhfzg.3LWmM*ftv>Wnmm 

02 9Bft, 02 9 AiZ^ZfttzLMM&tLtc.mjjmiy-- A^fLfc#?LSIi 

^co]iffi0-efcSo 

n xnm znti 0nnmm^(Dmm m x&z> 0 

©,0 3 1 A«£lft^£;frfcv'— A^^:#:^|!|^5A®0-e&So 

e> $ tit v > § ^Timmm&fc &&&m&&) ^ u fc 0 -e & 3 0 

0 3 2Blt fe^fg^fe#ft#I^^UT«|a5i:ft:^«^fc^#ft^^^: 
^(D^fC^ftttfc^t 5 , ^fc«MLi-5ttrO, 03 2 Al:lM£tL-Cl^§:* 

03 2Cft, «5SU^(Z), 03 2B^$tt^*CJg^tt4fei:Jftif6E*a3i^tSr 
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BrV^R Hi^3K fcj&g § flit Vm #1 ft #?L^{* £ ^ b T V ^ 5 o 

0 3 4 AH:, &£Kfe^X~M(D¥&<Dmm^mf\~m<n^ ~~7* b Lt^f 

OaR—h^a— ^SraSflaSfcS^-A'UTV^S, HI 3 4 Afc^tbfc^a— 

.3fc©$6ffl©jBl^RtflW*6Hrt tA5^T tf>H;feM«, »*^«£H(- J; o T 

^ A 1 cm, 5£<£*»1 4 i^ffil 6 fcSr^TUfeRTSI*^— ^A^a— 2& 

a^^jv^— -bCQ-VfoZo 
0 2 £ 3fcftt>&<?j*£*i,-CV^J; 51^ «E»3tfr2 0W:, *£3S^Tf£-e-# 
5 ##2 2Sr;firL-a^3„ *#2 ; io^tt, #Ayff^ (0 3) 
fc&feStbfcXttttKSix^tB (0 2) fc©Mi^5 0 0^$tifc« 

rcD#$t (@2^±) -ot± % *f-T/^a-^i2lt t©ft^:fiot 
8) fit, 5K-h 3 6I:IU«3 4rtfciEJETt?lRA*tb«o «»3 8f4 
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:c#ti:±ct, *£35"5rfg-e-#t?r t^-e^^^ 2 2i$#M«itrt^ 

A^tiSt, #Ayfc|gv^t»c 0a2Btt^W:8 79^^it:€l«t «J/h$v\ ip*>#?jo 
. 2 6 7 cmiD/hSv^ t^T^Si 5K:fc3 0 — B-STMtfX&g^ia 

05^fe7 iS^-t" i 5 2 0 ft N i&Mft ft\ 2 2 &$&M3fmK 

mw-r z>t-$> tiwji^ §r±i^ $ t> x ft^o -r ftfc> s f*j«^ £in s a 

nTlftfcSllAV^W v h 2 4 0|iVi^ N 0 7t^§tbTV^5J;5jfcrtgPK)#?L 

^.fhh^mm. m6%&£) -eft, rt^^^^n^tesiRrtB-e-^tp^i: 

-#^rim5#2 2 ft, iX— x 2 8rtla3T?-€rW<SV^^«S^g|tfo ~> 

rt$ra$fl*j6#5 4 ft, 7^!) y^Tlt, fe3S"5rfgT*--#tf^i: 
^#5**2 2 ^•^©SSKLfc^m^MU, M«#:^SftAtL5 0 
H4^*t>^<^bTV>5J; 5^ tl^2 0ft JE tlittl© TOM 3 
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SB- 

2 2 ^rifct^™ 3 8 ii, mn&m 

4 4 (|ll^?g^Wfc*^|l[4^0^^t£-^:^-X?^$^-CVN?)) tl3 0 
0l£L<te, m&3 8« N ^2 2F*g{z:*5ftS^— -^*2c^ ti*< LTt 

<Dj&7kfabM$.£tlX^Z) 0 Sf&SJEEtfX&Tkfit* #*Jl 5 0Q • c mCDSkm&l^ 
*SJ5 0 0 Q • c mcD^miie^i^^bT^A^^S Q • cmf(tfSV«t 
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«^ia«f*2 2^oTM^t^tL-cv^5Rl>9^t^-rso »L4 

3 0Hifti^5 o MU1«C (RF) «JBE;5MM3 0l£R];bq£*L5t, «»fS« 
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ft t#m sr^s^ £ * 5 cd -c, w\ ch#m m ram k m cmme maiarr § « 

— #J5 0 0 Q- cm*i©J:!3fiv^2 2©^tiltt % <fc 9 

l&R&l&&t Z> £ t UlftS, l^flStafa 5 0 0 0- c mjyiroi: 19 ^V^f*2 2 (75 

fc$kMm*& *¥f&-t 5ri -eftOW 

#5 =fc 5 tLTV^o 8 Mm*l©imtSlt ^r^ifr^fflJ^lfl 



(69) iff* 2002-528039 

^(DkSftWmi-Z, M frv—x, t^n^ *U*-^yK #y 

<t o T$Bt $ ft 5 = tt, FMZI^J i o T^^Sc $ ft 

, J: 5Kmmzjj&1XlZ.Z<D\ZL&gk ZtiZJZti t LTj£ifc£ft*o 

^iL^^WfC^ffaiJi-^fc^COS^tt. ASTM F3 16-8 0m 
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mfttofmn, mmz^mt)&&;M-tz&>m\z&%x\ 2 2 &&&&&& 
mi o%£v±%te#iLm%#i,fz.mmztt^x > w?l*p (%-e) ^ #c© 

p = 1 o 0 ( 1 - p b / p . ) 
-e<^i8\ Pbfi^r^afiir^^ioT^^tLS J; 5^*{*2 20^ 

•C$>«9\ P«?i, ^2 2-&m.ox\^mtf<D!$mxhz> 0 

P = Nrc (dV4) 

Nfi. #ffl7L©^-C&t), (P,/a) ^LV\ 
P„{± N W2 2|^lt5a?L©ST*fe5 0 
ate, ^2 2<Z5^|ffl?L®a (cm 2 ) TfeSo 
7ife,-femX3. 1416 ■• • -Cfe5c 
dfi, l07LcDTOtl:^ (cm) 

•^srcs^^^ — ~~ — - 
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Tl^ 0 ittf, 9%OK?tSi±cD^ (5Q- cm©iK) f-PB^HS 3 
%<^^T?L^^^rb7c*W{i, (1 5 0 £ 4 5 0 Q • cm©W«) JfiL$KXt±*§Jfc© 

# < W «t t) /h S fc#»?L 4 4 (DSB^J^W* LV\ &m<D/h £ ft&BTL 4 4 ^#^Ei~5 
C 5 «^^0J RS-T 5 n t ft « „ 

£ni ttsitt*^ 221: i-znzo #t£ w 2 2 ^031 $ *l 3 £ % ^<d 

®^^if-T/ci6W#:2 2&$c®5JgfcLra3£5o *^2 2©iW 2 ®##/c 

2 2 lt** 2 2 (Dwrnzmm-rz - 1 -?\ /h $ < 
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mjL^-mi-i, M7k&mtt\z.Mvxte3:ymm^bts<xz, ^ti\^x^xmm<D 
^>i^x^mmmmmti^mmm^^^ir\zLm^^(Dm^m^xm^wii^^ 

tTffflf 5 fc ft mag bfcffi^zM^W LfcgbM4*$t©#lT»fc 5 C TfS^M 
- 3 TIM^tlfc^-f n ycDM-ef±, 6 5 %(D^MUS.t 2 0 °C(Dli.Jtm£5VNT 

-^rtLmt^^^fj-f „ PET^P e B a xf ©S^Ogf ^1/- K© IT'VW- 

.w#^;ryi^ — 
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n >- 6 / 6 ^§i7kt±*#&-jl#^r 3 ^JrlUo T^L^tr^x. 5 £. £ &t Uc^ 

x^z>„ ^—^^ ^^tim{&T&&^£i*fcwm&iM^Mx-n^ &&<d 

tiz%&\a^ *km%m&x, ^nKx^xwmm^m.-r^mmmmmmm 
y—^w&^K^, " " ""' ' — ~™ — — --• ••• - - 
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1 



fflt 
urn 


IS5e 


TO 




mm 


1 

. mm 1 

Mis I 


9%NaCl 


9 ot: 


2 3W 


6 8 a 


9. 9mm 


21. 0mm | 


50%-9%NaCl 
50% n^h 


9 ot 


1 3W 


85Q 


8. 4mra 


16. 6mm 




9 o°c 


1 4W 



120Q 


8. 6mm 


17. 9mm | 
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fz.f-=r.— -ffahzfu— &m£inz>„ zomtftvte. ^2 2(4, ^t^jxttif^ 
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£Jlift^Ufc.t5l-, IM^©fc*©*ft:2 2<Z?m^#|tSr^»i-^7 t c^ 
%g>?L^mtfh*t£2 2^b&3&£tiZ„ ff^n-^©± 

aaraui (03 2A\z.mm*£ftx*s*), ^xmm-r^) % »mj^t±ot 
m 1 9 a» e> 2 3 200 sr^j^i^ 2 2 (d^si^ 3 ?3t5co^tt 

^^^■f-S_b-T?0* LV^M/TLtV^„ il9}C/TtJ;9l^ v'— h200 
*SJg#tt*2 0 4±<D&mi£ffi2 0 2{31^S^fL5o «?S©ff2 0 2 (DMfttt, 

0 2 0 5 (-s ^I?yKwv2 o 6 tt-y- b 2 0 0 <o~ gp5>2 0 8^ 

$MWffi2 0 2 ftfclif U&tr 0 0 6 ©TEMfcWu &M\@ffi2 0 2 

0^«tvj/f LTV>5 0 V^KWV2 0 6 {4, *W*P^2 0 8£MW3^ 

<e*sfeiES9f2 0 2^iao< 9 tm-fr-t&o ~nxj±Z)\-£^Tmw.<D^£jtm 

^mUW^2 0 8K±y h-t%o ^vyKWk2 0 6i^K@f2 0 2<Z5Vvf 
*LJ&\ Xf4M^^p^^tl,T, }#M$£ffi2 0 2F*3fc*3V^3if*t^2 0 8 KttJn 

h^isr^mso m&Wffi2 o 2P fc 3^*3^5H^t, 

a ^-e©»W:, -ecD^^^-2 0 8 4r3pffl?EMfeA»e>9fMoW^^^5 ( 
02 1 &Ji.J;) 0 
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{t±.ifmttim 2 1 0 (0 2 2&JLJ0 ±fc**b^5 0 ttJttflgfttt* 2 1 0 

f±, 5feM^£;ft7c^2 0 8 (DT&m^y^tcM^&^^mmz 12% 

^LTV^„ gR#2 0 8tt\ *«©«#(tW2 1 2±t7^ y 

tfcJhtf M-lj-^ 2 1 Oft, [3^©^$^^fc¥&i£fc:fto"CV^;&S, ^2 2 
(Z)S{^L^^B)fM^tLTV^5^^*L7h®^$|3 2 1 4£if?LTl^ 0 V- h 
2 0 0 ft, ffim-f&l 2 10 (DaEflWjggB 2140lt)t54< t>^c^3goT^ £ t> 

ttiWWftft 2 l o ft, jg <9 H:S3V>T->— b 2 o o oi^i^t-/^ 

y7°L7c7°y-y 2 1 8-^||^$tt5*flP««2 1 6 ^^bTV^5 0 v^-h2 0 

{±±ifmtti-f%o 2ioit w 2 2 ©^fao^sr^ufcv— h 2 o o khm 

2 i od^?»e>uT^$ix5o Mnu&)2 i o(Dm^m^2 1 6©i!)i:i«)b 
tLfc^tD^y— s>2 i 8 ft, i i itt^it t j; c t sv > i^gf $ 

Wo -tLT\ 2 0S:*fr2 2^fifcU XT—T/^ 

tf, 2 o ^5leflWB2 o 8 t ©r H 1(^^^* WMt5 i 5 >5 

#^fci/- n 2 o o ft, mmnrntam^nm 222 cm 2 4 ^jl ±) ©i^m 
« § Wo v— h 2 0 0 (Dimmm 217^ 2 2 3 m ± o xman 
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tLtioT->- b2ooii mm<D3&w;&mz x ? K^m-r^Hn^2 22K 

Jg#fr4£> 222 w*fc3St&x«ife!S^i-, m^iy— b 2 0 0 (Ptigffl: 217 

fp^x.^, BffM^^^i*L7 v c-i-^2 2 0^r^5cD^TO-r5o ^tU-i 
j£^;Dnx&^fcT3fcfcl~f^tt4&2 2 2©S!)|:lg^5 e ftfr«9^ £ 

(E^tVCWj:^) 5fe«7^^tLfc^»^2 0 8 £?fH=-T7t 

«^ utv^ no \<imm-&jKm& ^w^h^So 

MDIft, i#iti2 2 2iiti^t, (@2 5m) 

Jfe*3t> 5— oSIJ(75ft#*PX (H12 6 £ 2 7 SrJLJ;) *ff2 2lt 2oO 

C #>J&^ £ ftfcgR^ 2 2 5OT©;/-A2 2 4(:f n v oTMt5^i!ao 
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wmvx, mi 93^2 1 ztiitx *> \z¥&t\sx mm ztiZo ^225 
ft, mn<Dwmz.m-5^x, i^f jdii^ io-cmiuf c*^$^5 r 1 1 

20»2 2 5 Srife-a-i-S A 2 2 4ft, &#OteSf fcg^Tl*!^*, 
jg^SESm ^— i^f!i<to«^5 D SUBS ft 5 

*5 4 (Ig5j5>k7fc$|if^fc£;fc/rv>5) £&>9fflA,-ei^ 0 

£?i;L<ft, v— A2 2 4^S£^Xft¥fflft§P£-2 2 5 Srl^Ufc^ ^ 
-A 2 2 4^bTM^-Cjrt^ 0 fc^ofc^#M[^$tL5c ft, JMt^- A 

j&2 2 5ft, £?l£L< ft*SU£ft5 0 IiLT\ ^2 24?: (HI2 8B^ 

^l-o^ £ 5 w ^2 2co^aj^(t^^^^^t9 N mMb<ow&m&frtb 
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Related Application 

This application is a continuation-in- 
5 part of pending U.S. Application Serial No. 

08/099,994, filed July 30, 1993 and entitled 
"Large Surface Cardiac Ablation Catheter that 
Assumes a Low Profile During Introduction into the 
Heart," which is itself a continuation-in-part of 

10 pending U.S. Application Serial No. 07/951,728, 

filed September 25, 1992, and entitled "Cardiac 
Mapping and Ablation Systems." 
Field of the Invention 

The invention generally relates to 

15 electrode structures deployed in interior regions 

of the body. In a more specific sense, the 
invention relates to electrode structures 
deployable into the heart for diagnosis and 
treatment of cardiac conditions. 

20 Background of the Invention 

The treatment of cardiac arrhythmias 
requires electrodes capable of creating tissue 
lesions having a diversity of different geometries 
and characteristics, depending upon the particular 

25 physiology of the arrhythmia to be treated. 

For example, a conventional 8F 
diameter/ 4mm long cardiac ablation electrode can 
transmit radio frequency energy to create lesions 
in myocardial tissue with a depth of about 0.5 cm 

3 0 and a width of about 10 mm, with a lesion volume 



of up to 0.2 cm 3 . These small and shallow lesions 
are desired in the sinus node for sinus node 
modifications, or along the A-V groove for various 
accessory pathway ablations, or along the slow 
zone of the tricuspid isthmus for atrial flutter 
(AFL) or AV node slow pathways ablations. 

However, the elimination of ventricular 
tachycardia (VT) substrates is thought to require 
significantly larger and deeper lesions, with a 
penetration depth greater than 1.5 cm, a width of 
more than 2.0 cm, with a lesion volume of at least 
1 cm 3 . 

There also remains the need to create 
lesions having relatively large surface areas with 
shallow depths. 

One proposed solution to the creation of 
diverse lesion characteristics is to use different 
forms of ablation energy. However, technologies 
surrounding microwave, laser, ultrasound, and 
chemical ablation are largely unproven for this 
purpose . 

The use of active cooling in association 
with the transmission of DC or radio frequency 
ablation energy is known to force the 
electrode-tissue interface to lower temperature 
values , As a result, the hottest tissue 
temperature region is shifted deeper into the 
tissue, which, in turn, shifts the boundary of the 
tissue rendered nonviable by ablation deeper into 
the tissue. An electrode that is actively cooled 
can be used to transmit more ablation energy into 
the tissue, compared to the same electrode that is 
not actively cooled. However, control of active 
cooling is required to keep maximum tissue 
temperatures safely below about 100° C, at which 



tissue desiccation or tissue boiling is known to 
occur . 

Another proposed solution to the creation 
of larger lesions, either in surface area and/or 
depth, is the use of substantially larger 
electrodes than those commercially available. 
Yet, larger electrodes themselves pose problems of 
size and maneuverability, which weigh against a 
safe and easy introduction of large electrodes 
through a vein or artery into the heart. 

A need exists for multi-purpose cardiac 
ablation electrodes that can selectively create 
lesions of different geometries and 
characteristics. Multi-purpose electrodes would 
possess the requisite flexibility and 
maneuverability permitting safe and easy 
introduction into the heart. Once deployed inside 
the heart, these electrodes would possess the 
capability to emit energy sufficient to create, in 
a controlled fashion, either large and deep 
lesions, or small and shallow lesions, or large 
and shallow lesions, depending upon the therapy 
required. 

Summary of the Invention 

The invention provides various porous 
electrode assemblies for tissue heating and 
ablation systems and methods, which enable ionic 
transport of electrical energy to occur 
substantially free of liquid perfusion. 

The porous electrode assembly that 
embodies features of the invention includes a wall 
having an exterior peripherally surrounding an 
interior area. A lumen conveys a medium 
containing ions into the interior area. An 
element couples the medium within the interior 
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area to a source of electrical energy. 

According to one aspect of the invention, 
at least a portion of the wall comprises a porous 
material sized block passage of macromolecules 
5 while allowing passage of ions contained in the 

medium. The wall thereby enables ionic transport 
of electrical energy through the porous material 
to the exterior of the wall. 

According to another aspect of the 

10 invention, at least a portion of the wall 

comprises a porous material sized to pass ions 
contained in the medium without substantial liquid 
perfusion through the porous material. The wall 
thereby enables ionic transport of electrical 

15 energy through the porous material to the exterior 

of the wall, without substantial perfusion of 
liquid through the wall. 

According to another aspect of the 
invention, at least a portion of the wall 

2 0 comprises a porous material sized to pass ions 

contained in the medium to thereby enable ionic 
transport of electrical energy through the porous 
material to the exterior of the wall. According 
to this aspect of the invention, the porous 

2 5 material has a bubble point value greater than the 

interna 1 pressure . 

According to another aspect of the 
invention, at least a portion of the wall 
comprises a hydrophilic porous material sized to 
30 pass ions contained in the medium to thereby 

enable ionic transport of electrical energy 
through the porous material to the exterior of the 
wall. According to this aspect of the invention, 
the porous material has a bubble point value 

3 5 greater than the internal pressure, whereby ionic 



transport occurs substantially free of liquid 
perfusion through the porous material. 

Other features and advantages of the in- 
ventions are set forth in the following 
Description and Drawings. 
Brief Description of the Drawings 

Fig. 1 is a plan view of a system for 
ablating heart tissue, which includes an 
expandable porous electrode structure that 
embodies the features of the invention; 

Fig. 2 is an enlarged side elevation 
view, with portions broken away, of a porous 
electrode structure usable in association with the 
system shown in Fig.l, with the electrode 
structure shown in its expanded geometry; 

Fig. 3 is an enlarged side elevation view 
of the porous electrode structure shown in Fig. 2, 
with the electrode structure shown in its 
collapsed geometry; 

Fig. 4 is a further enlarged, somewhat 
diagrammatic side view, with portions broken away, 
of the porous electrode structure shown in Fig. 2; 

Fig. 5 is an enlarged side elevation 
view, with portions broken away, of a porous 
electrode structure usable in association with the 
system shown in Fig.l, with the electrode 
structure shown in its expanded geometry due to 
the presence of an interior spline support 
structure ; 

Fig. 6 is an enlarged side section view 
of the porous electrode structure shown in Fig. 5, 
with the electrode structure shown in its 
collapsed geometry due to the manipulation of an 
exterior sliding sheath; 

Fig. 7 is an enlarged side elevation 
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view, with portions broken away, of a porous 
electrode structure usable in association with the 
system shown in Fig.l, with the electrode 
structure shown in its expanded geometry due to 
5 the presence of an interior interwoven mesh 

support structure; 

Fig, 8 is an enlarged, somewhat 
diagrammatic enlarged view, taken generally along 
line 8-8 of Fig. 4, showing the ionic current 

10 densities across the pores of the electrode body 

shown in Fig. 4; 

Fig. 9 is a graph showing the 
relationship between sensed impedance and ionic 
transport through the pores of the electrode body 

15 shown in Fig. 4; 

Fig. 10 is an enlarged side elevation 
view, with portions broken away, of an alternative 
porous electrode structure usable in association 
with the system shown in Fig.l, with the electrode 

2 0 structure comprising a porous foam body shown in 

its expanded geometry; 

Fig. 11 is an enlarged side view of a 
porous electrode structure usable in association 
with the system shown in Fig.l, with the pores of 

25 the structure arranged in a bulls eye pattern on 

the distal end of the body; 

Fig. 12 is an enlarged side view of a 
porous electrode structure usable in association 
with the system shown in Fig.l, with the pores of 

30 the structure arranged in circumferential ly spaced 

segments along the side of the body; 

Fig. 13 is a side view, with portions 
broken away, showing the use of multiple chambers 
to convey liquid to the segmented pore regions 

35 shown in Fig. 12; 
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Fig, 14 is an enlarged side elevation 
view, with portions broken away, of a porous 
electrode structure usable in association with the 
system shown in Fig. l, which also carries 

5 nonporous electrode elements; 

Fig. 15 is an enlarged side section view 
of a porous electrode structure, which also 
carries electrode elements formed by wire snaked 
through the body of the structure; 

0 Fig. 16 is an enlarged side elevation 

view, with portions broken away, of a porous 
electrode structure with interior pacing/ sensing 
electrodes; Figs. 17 and 18 are diagrammatic 
representations of the tissue temperature profiles 

5 associated with a porous electrode structure when 

operated under different conditions; 

Fig. 19 is a somewhat diagrammatic view 
of a fixture and mandrel for forming a 
hemispherical geometry for the distal end of a 

3 porous electrode body from a flat sheet of porous 

material; 

Fig. 20 is a side sectional view of the 
fixture and mandrel shown in Fig. 19 in the 
process of forming the hemispherical distal end 
3 geometry in a flat sheet of porous material; 

Fig. 21 is an enlarged side section view 
of the sheet of porous material after formation of 
the hemispherical distal end geometry; 

Fig. 22 is a somewhat diagrammatic view 
> of a finishing fixture for forming the 

hemispherical geometry for the proximal end of the 
porous electrode body from the preformed sheet 
shown in Fig. 21; 

Fig. 23 is an elevation view of the 
porous electrode body after having been formed by 
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the devices shown in Figs. 19 to 22; 

Fig. 24 is a somewhat diagrammatic view 
of an expandable finishing fixture that can be 
used instead of the finishing fixture shown in 
5 Fig. 22 for forming the hemispherical geometry for 

the proximal end of the porous electrode body from 
the preformed sheet shown in Fig. 21; 

Fig. 25 is an elevation view of the 
porous electrode body after having been formed by 
10 the expandable fixture shown in Fig. 24; 

Fig. 26 is a somewhat diagrammatic view 
of two preformed hemispherical body sections of 
porous electrode body before being joined together 
into a composite porous electrode body; 
15 Fig. 27 is a side elevation view of the 

composite porous electrode body formed by joining 
the two hemispherical sections shown in Fig. 26 
together along a circumferential seam; 

Fig. 28A is a side section view showing 
2 0 the ever s ion of the porous electrode body shown in 

Fig. 27 to place the circumferential seam on the 
inside of the body, away from direct tissue 
contact; 

Fig. 28B is a side section view of the 

2 5 porous electrode body shown in Fig. 27 after 

having been everted to place the circumferential 
seam on the inside of the body; 

Fig. 29A is a side elevation view of a 
porous electrode body formed by joining two 

3 0 hemispherical sections along an axial seam and 

after eversion to place the axial seam on the 
inside of the body; 

Fig. 29B is a top view of the porous 
electrode body with the everted axial seam shown 
35 in Fig. 29A; 



Fig* 30 is a top view of a porous 
electrode body formed by joining two hemispherical 
sections along a main axial seam, with additional 
intermediate axial seams to segment the body, 
after eversion to place the axial seams on the 
inside of the body; 

Fig. 31A is an enlarged side sectional 
view of a seam joining two sheets of porous 
material together to form an electrode body, with 
a temperature sensing element encapsulated within 
the seam, and before eversion of the body; 

Fig. 3 IB is a side elevation view of the 
seamed body, shown partially in Fig. 31A, with 
temperature sensing elements encapsulated in the 
seam, and before eversion of the body; 

Fig. 31C is a side section view of the 
body shown in Fig. 3 IB after eversion, placing the 
seam and the signal wires of the temperature 
sensing elements inside the body; 

Fig. 32A is a somewhat diagrammatic view 
of a porous electrode body being formed from a 
regenerated cellulose material by dipping using an 
expandable fixture; 

Fig. 32B is the dip-formed body shown 
being formed in Fig. 32A, after removal of the 
expandable fixture and attachment of a fixture 
with steering assembly to the distal end of the 
body, and before eversion; 

Fig. 32C is the dip-formed body with 
distal fixture and steering assembly, shown in 
Fig. 32B, after eversion; 

Fig. 33 is an exemplary porous body 
formed in an elongated, cylindrical geometry with 
changing radii along its length, forming the 
distal and proximal neck regions; 
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Fig. 34A is another exemplary porous body 
formed as a tube in an elongated, cylindrical 
geometry with constant radii along its length; and 
Fig, 34B is the tube shown in Fig. 34 A, 
5 with its distal end closed by a seam, and a port 

tube sealed to its proximal end for attachment to 
a catheter tube. 

The invention may be embodied in several 
forms without departing from its spirit or 
10 essential characteristics. The scope of the 

invention is defined in the appended claims, 
rather than in the specific description preceding 
them. All embodiments that fall within the 
meaning and range of equivalency of the claims are 
15 therefore intended to be embraced by the claims. 

Description of the Preferred Embodiments 

Fig. 1 shows a tissue ablation system 10 
that embodies the features of the invention. 

The system 10 includes a flexible 
2 0 catheter tube 12 with a proximal end 14 and a 

distal end 16. The proximal end 14 carries a 
handle 18. The distal end 16 carries an electrode 
structure 20, which embodies features of the 
invention. The purpose of the electrode structure 
2 5 2 0 is to transmit ablation energy. 

As Figs. 2 and 3 best show, the electrode 
structure 20 includes an expandable-collapsible 
body 2 2 . The geometry of the body 2 2 can be 
altered between a collapsed geometry (Fig. 3) and 
30 an enlarged, or expanded, geometry (Fig. 2) . In 

the illustrated and preferred embodiment, liquid 
pressure is used to inflate and maintain the 
expandable-collapsible body 2 2 in the expanded 
geometry . 

35 In this arrangement (see Fig. 2) , the 
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catheter tube 12 carries an interior lumen 34 
along its length. The distal end of the lumen 3 4 
opens into the hollow interior of the expandable- 
collapsible body 22. The proximal end of the 
lumen 34 communicates with a port 36 (see Fig. 1) 
on the handle 18. The liquid inflation medium 
(arrows 38 in Fig, 2) is conveyed under positive 
pressure through the port 36 and into the lumen 
34. The liquid medium 38 fills the interior of 
the expandable-collapsible body 22. The liquid 
medium 38 exerts interior pressure to urge the 
expandable-collapsible body 2 2 from its collapsed 
geometry to the enlarged geometry. 

This characteristic allows the 
expandable-collapsible body 22 to assume a 
collapsed, low profile (ideally, less than 8 
French diameter, i.e., less than about 0.2 67 cm) 
when introduced into the vasculature. Once located 
in the desired position, the expandable- 
collapsible body 22 can be urged into a 
significantly expanded geometry of, for example, 
approximately 7 to 20 mm. 

As Figs. 5 to 7 show, the structure 20 
can include, if desired, a normally open, yet 
collapsible, interior support structure 54 to 
apply internal force to augment or replace the 
force of liquid medium pressure to maintain the 
body 22 in the expanded geometry. The form of the 
interior support structure 54 can vary. It can, 
for example, comprise an assemblage of flexible 
spline elements 24, as shown in Fig. 5, or an 
interior porous, interwoven mesh or an open porous 
foam structure 26, as shown in Fig. 7. 

In these arrangements (see Fig. 6) , the 
internally supported expandable-collapsible body 
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2 2 is brought to a collapsed geometry, after the 
removal of the inflation medium , by outside 
compression applied by an outer sheath 2 8 (see 
Fig. 6) , which slides along the catheter tube 12. 
5 As Fig. 6 shows, forward movement of the sheath 28 

advances it over the expanded expandable- 
collapsible body 22. The expandable-collapsible 
body 2 2 collapses into its low profile geometry 
within the sheath 28. Rearward movement of the 

10 sheath 28 (see Figs. 5 or 7) retracts it away from 

the expandable-collapsible body 22. Free from the 
confines of the sheath 48, the interior support 
structure 54 springs open to return the 
expandable-collapsible body 22 to its expanded 

15 geometry to receive the liquid medium. 

As Fig. 4 best shows, the structure 20 
further includes an interior electrode 3 0 formed 
of an electrically conductive material carried 
within the interior of the body 22. The material 

20 of the interior electrode 30 has both a relatively 

high electrical conductivity and a relatively high 
thermal conductivity. Materials possessing these 
characteristics include gold, platinum, 
platinum/ iridium, among others. Noble metals are 

25 preferred. 

An insulated signal wire 3 2 is coupled to 
the electrode 30. The signal wire 32 extends from 
the electrode 30, through the catheter tube 12 , to 
an external connector 38 on the handle 18 (see 

30 Fig. l) . The connector 38 electrically couples the 

electrode 3 0 to a radio frequency generator 40. 

In the preferred and illustrated 
embodiment (see Fig. 1) , a controller 42 is 
associated with the generator 40, either as an 

35 integrated unit or as a separate interface box. 
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The controller 42 governs the delivery of radio 
frequency ablation energy to the electrode 3 0 
according to preestablished criteria. Further 
details of this aspect of the system 10 will be 
5 described later. 

According to the invention, the liquid 
medium 38 used to fill the body 22 includes an 
electrically conductive liquid. The liquid 38 
establishes an electrically conductive path, which 

10 conveys radio frequency energy from the electrode 

30. In conjunction, the body 22 comprises an 
electrically non-conductive thermoplastic or 
elastomeric material that contains pores 44 on at 
least a portion of its surface. The pores 44 of 

15 the porous body 22 (shown diagrammatically in 

enlarged form in Fig. 4 for the purpose of 
illustration) establishes ionic transport of 
ablation energy from the electrode 30, through the 
electrically conductive medium 38, to tissue 

20 outside the body. Preferably, the liquid 38 

possesses a low resistivity to decrease ohmic 
loses, and thus ohmic heating effects, within the 
body 22. In the illustrated and preferred 
embodiment, the liquid 38 also serves the 

25 additional function as the inflation medium for 

the body, at least in part. 

The composition of the electrically 
conductive liquid 38 can vary. in the illustrated 
and preferred embodiment, the liquid 3 8 comprises 

3 0 a hypertonic saline solution, having a sodium 

chloride concentration at or near saturation, 
which is about 9% weight by volume. Hypertonic 
saline solution has a low resistivity of only 
about 5 ohm* cm, compared to blood resistivity of 

3 5 about 150 ohm -cm and myocardial tissue resistivity 
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of about 500 ohm -0111. 

Alternatively, the composition of the 
electrically conductive liquid medium 38 can 
comprise a hypertonic potassium chloride solution. 
5 This medium, while promoting the desired ionic 

transfer, requires closer monitoring of rate at 
which ionic transport occurs through the pores 44, 
to prevent potassium overload. When hypertonic 
potassium chloride solution is used, it is 

10 preferred keep the ionic transport rate below 

about 10 mEq/min. 

The system 10 as just described is 
ideally suited for ablating myocardial tissue 
within the heart. In this environment, a physician 

15 moves the catheter tube 12 through a main vein or 

artery into a heart chamber, while the expandable- 
collapsible body 2 2 of the electrode structure 2 0 
is in its low profile geometry. Once inside the 
desired heart chamber, the expandable-collapsible 

20 body 22 is enlarged into its expanded geometry and 

the region containing pores 4 4 is placed into 
contact with the targeted region of endocardial 
tissue. 

Due largely to mass concentration 
25 differentials across the pores 44, ions in the 

medium 38 will pass into the pores 44, because of 
concentration differential-driven diffusion. Ion 
diffusion through the pores 44 will continue as 
long as a concentration gradient is maintained 
30 across the body 22. The ions contained in the 

pores 4 4 provide the means to conduct current 
across the body 22. 

Radio frequency energy is conveyed from 
the generator 4 0 to the electrode 30, as governed 
35 by the controller 42. When radio frequency (RF) 
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voltage is applied to the electrode 30, electric 
current is carried by the ions within the pores 
44. The RF currents provided by the ions result in 
no net diffusion of ions, as would occur if a DC 
voltage were applied, although the ions do move 
slightly back and forth during the RF frequency 
application. This ionic movement (and current 
flow) in response to the applied RF field does not 
require perfusion of liquid in the medium 38 
through the pores 44. 

The ions convey radio frequency energy 
through the pores 44 into tissue to a return 
electrode, which is typically an external patch 
electrode (forming a unipolar arrangement) . 
Alternatively, the transmitted energy can pass 
through tissue to an adjacent electrode in the 
heart chamber (forming a bipolar arrangement) . The 
radio frequency energy heats the tissue, mostly 
ohmically, forming a lesion. 

The electrical resistivity of the body 2 2 
has a significant influence on the lesion geometry 
and controllability. It has been discovered that 
ablation with devices that have a low-resistivity 
body 22 requires more RF power and results in 
deeper lesions. On the other hand, devices that 
have a high-resistivity body 22 generate more 
uniform heating, therefore, improve the 
controllability of the lesion. Because of the 
additional heat generated by the increased body 
resistivity, less RF power is required to reach 
similar tissue temperatures after the same 
interval of time. Consequently, lesions generated 
with high-resistivity bodies 22 usually have 
smaller depth. 

Generally speaking, lower resistivities 



values for the body 22 below about 500 ohm* cm 
result in deeper lesion geometries. Likewise, 
higher resistivities for the body 22 at or above 
about 500 ohm •cm result in more shallow lesion 
geometries* 

The electrical resistivity of the body 2 2 
can be controlled by specifying the pore size of 
the material, the porosity of the material, and 
the water adsorption characteristics (hydrophilic 
versus hydrophobic) of the material . 

Specifying Pore Size 

The size of the pores 44 in the body 22 
can vary. Pore diameters smaller than about 0.1 
/im, typically used for blood oxygenation, 
dialysis, or ultrafiltration, can be used for 
ionic transfer according to the invention. These 
small pores, which can be visualized by high- 
energy electron microscopes, retain 
macromolecules, but allow ionic transfer through 
the pores in response to the applied RF field, as 
above described. With smaller pore diameters, 
pressure driven liquid perfusion through the pores 
44 is less likely to accompany the ionic 
transport, unless relatively high pressure 
conditions develop within the body 22. 

Larger pore diameters, typically used for 
blood microf iltration, can also be used for ionic 
transfer according to the invention. These larger 
pores, which can be seen by light microscopy, 
retain blood cells, but permit passage of ions in 
response to the applied RF field. Generally 
speaking, pore sizes below 8 /xro will block most 
blood cells from crossing the membrane. With 
larger pore diameters, pressure driven liquid 
perfusion, and the attendant transport of 



macromolecules through the pores 44, is also more 
likely to occur at normal inflation pressures for 
the body 22. 

Still larger pore sizes can be used, 
capable of accommodating formed blood cell 
elements. However, considerations of overall 
porosity, perfusion rates, and lodgment of blood 
cells within the pores of the body 22 must be 
taken more into account as pore size increase. 

Conventional porous, biocompatible 
membrane materials used for blood oxygenation, 
dialysis, blood filtration such as plasmapheresis 
can serve as the porous body 22. Such membrane 
materials can be made from, for example, 
regenerated cellulose, nylon, polycarbonate, 
polyvinylidene fluoride (PTFE) , polyethersulf one, 
modified acrylic copolymers, and cellulose 
acetate . 

Alternatively, porous or microporous 
materials may be fabricated by weaving a material 
(such as nylon, polyester, polyethylene, 
polypropylene, f luorocarbon, fine diameter 
stainless steel, or other fiber) into a mesh 
having the desired pore size and porosity. The use 
of woven materials is advantageous, because woven 
materials are very flexible as small diameter 
fibers can be used to weave the mesh. By using 
woven materials, uniformity and consistency in 
pore size also can be achieved. 

Spectrum Medical Industries, Inc. 
(Houston, Texas) commercially supplies nylon and 
polyester woven materials with pore sizes as small 
as 5 ^m with porosities of 2%. Stainless steel 
woven materials with pore sizes as small as 30 /im 
with porosities of 3 0% can also be obtained from 
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Spectrum Medical Industries, Inc. Manufacturers, 
such as Tetko, also produce woven materials 
meeting the desired specifications. Woven 
materials with smaller pore sizes may be achieved 
5 depending on the material. 

Woven meshes may be fabricated by 
conventional techniques, including square mesh or 
twill mesh. Square mesh is formed by conventional 
"over and under" methods. Twill mesh is formed by 

10 sending two fibers over and under. The materials 

may be woven into a 3 -dimensional structure, such 
as a tube or a sphere. Alternatively, the 
materials may be woven into a flat, 2-dimensional 
sheet and formed (heat forming, thermal bonding, 

15 mechanical deformation, ultrasonic welding etc.) 

into the desired 3 -dimensional geometry of the 
body 22. 

Pore size can be specified using bubble 
point measurements. The bubble point value is 

20 defined as the pressure required to force liquid 

through the membrane, which is a function mainly 
of pore size (given the same water adsorption 
characteristic) . The standard for measuring bubble 
point value is ASTM F316-80. 

25 Pore size correlates with the expected 

liquid flow resistance of the membrane. As a 
general proposition, larger pores allow more 
liquid to flow through the pores and at higher 
flow rates. Likewise, smaller pores limit the 

30 volume and rate of liquid perfusion through the 

pores. At a point, a pore will be small enough to 
effectively block liquid perfusion, except at very 
high pressure, while nevertheless enabling ionic 
transport to occur in the manner described above. 

3 5 Low or essentially no liquid perfusion 
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through the pores 44 is preferred. Limited or 
essentially no liquid perfusion through the pores 
44 is beneficial for several reasons. First, it 
limits salt or water overloading, caused by 
transport of the hypertonic solution into the 
blood pool. This is especially true, should the 
hypertonic solution include potassium chloride, as 
observed above. 

Furthermore, limited or essentially no 
liquid perfusion through the pores 44 allows ionic 
transport to occur without disruption. When 
undisturbed by attendant liquid perfusion, ionic 
transport creates a continuous virtual electrode 
48 (see Fig. 8) at the body 22~tissue interface. 
The virtual electrode 48 efficiently transfers RF 
energy without need for an electrically conductive 
metal surface. 

The bubble point value in psi for a given 
porous material also aids in specifying the nature 
of ionic transport the porous material supports, 
thereby indicating its suitability for tissue 
ablation. 

When the bubble point value for a given 
porous material exceeds the pressure required to 
inflate the body 22 (i.e., inflation pressure), it 
is possible to pressure inflate the body 22 into 
its expanded geometry, without promoting pressure- 
driven liquid perfusion through the pores 44 of 
the material. Specifying a material with a bubble 
point value greater than body inflation pressure 
assures that ionic transfer through the pores 44 
occurs without attendant liquid perfusion through 
the pores 44 . 

A bubble point value that is 
significantly less than the body inflation 
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pressure also indicates that the body 22 
containing the porous material may never reach its 
intended expanded geometry, because of excessive 
liquid perfusion through the pores 44. 
5 On the other hand, the bubble point value 

of the porous material should not exceed the 
tensile strength of the porous material. By 
specifying this relationship between bubble point 
value and tensile strength, liquid perfusion will 
10 occur before abnormally high pressures develop, 

lessening the chance that the body 22 will 
rupture . 

The bubble point value specification 
mediates against the use of larger pore size 
15 materials. Larger pore size materials pose 

problems of inflation and excessive fluid 
perfusion through the membrane. 

Specifying Porosity 

The placement of the pores 44 and the 
20 size of the pores 44 determine the porosity of the 

body 22. The porosity represents the space on the 
body 22 that does not contain material, or is 
empty, or is composed of pores 44. Expressed as a 
percentage, porosity represents the percent volume 
2 5 of the body 22 that is not occupied by the body 

material . 

For materials having a porosity greater 
than about 10%, porosity P (in %) can be 
determined as follows: 

P = 100 (1 - — ) 



30 



where : 

p b is the density of the body 22 as 



determined by its weight and volume, and 

p ra is the density of the material from 
which the body 22 is made. 

To derive porosity for materials having a 
porosity of less than about 10%, a scanning 
electron microscope can be used to obtain the 
number of pores and their average diameter. 
Porosity P (in %) is then derived as follows: 

d 2 
4 

where : 

N is the pore density and equals (p n /a) , 
p n is the number of pores in the body 22 , 
a is the total porous area of the body 22 
(in cm 2 ) , and 

n is the constant 3.1416 

d is the average diameter of the pores 

(in cm) . 

The magnitude of the porosity affects the 
liquid flow resistance of the body 22, as 
discussed above. The equivalent electrical 
resistivity of the body 22 also depends on its 
porosity. Low-porosity materials have high 
electrical resistivity, whereas high-porosity 
materials have low electrical resistivity. For 
example, a material with 3% porosity, when exposed 
to 9% hypertonic solution (resistivity of 5 
ohm -cm), may have an electrical resistivity 
comparable to that of blood or tissue (between 150 
and 450 ohm* cm) . 

The distribution of pores 44 for a given 
porosity also affects the efficiency of ionic 
transport. Given a porosity value, an array of 
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numerous smaller pores 44 is preferred, instead of 
an array of fewer but larger pores. The presence 
of numerous small pores 44 distributes current 
density so that the current density at each pore 
5 44 is less. With current density lessened, the 

ionic flow of electrical energy to tissue occurs 
with minimal diminution due to resistive heat 
loss. 

An array of numerous smaller pores 4 4 is 

10 also preferred, instead of an array of fewer but 

larger pores, because it further helps to impose 
favorably large liquid flow resistance. The 
presence of numerous small pores 44 limits the 
rate at which liquid perfusion occurs through 

15 each pore 44. 

A dynamic change in resistance across a 
body 2 2 can be brought about by changing the 
diameter of the body 22 made from a porous elastic 
material, such as silicone. In this arrangement, 

20 the elastic body 22 is made porous by drilling 

pores of the same size in the elastic material 
when in a relaxed state, creating a given 
porosity. As the elastic body 2 2 is inflated, its 
porosity remains essentially constant, but the 

25 wall thickness of the body 22 will decrease. 

Thus, with increasing diameter of the body 22, the 
resistance across the body 22 decreases, due to 
decreasing wall thickness and increasing surface 
area of the body 22. As the surface area of the 

30 body 22 increases by a factor of two, the 

thickness of the body 22 will decrease by a factor 
of two, resulting in a decrease in resistance by a 
factor of four. 

As a result, the desired lesion geometry 

35 may be specified according to the geometry of the 



WO 97/45156 



PC17US97/01177 



- 23 - 

body 22. This enables use of the same porous body 
22 to form small lesions, shallow and wide 
lesions, or wide and deep lesions, by controlling 
the geometry of the body 22. 
5 Preferably, the porous body 22 should 

possess consistent pore size and porosity 
throughout the desired ablation region. Without 
consistent pore size and porosity, difference in 
electrical resistance of the body 22 throughout 
10 the ablation region can cause localized regions of 

higher current density and, as a result, higher 
temperature. If the difference in electrical 
resistance is high enough, the lesion may not be 
therapeutic, because it may not extend to the 
15 desired depth or length. Furthermore, nonuniform 

areas of low porosity in the body 22 can 
themselves experience physical damage as a result 
of the localized heating effects. 

Specifying Water Adsorption 
20 Characte ristics 

The porous material for the body 22 may 
be either hydrophobic or hydrophilic. However, 
the water adsorption characteristics of the porous 
material also affect the electrical resistivity of 
2 5 the material. 

For materials of the same pore size and 
porosity, materials that are hydrophilic possess 
greater capacity to provide ionic transfer of 
radiofrequency energy without significant liquid 
30 flow through the material. Ions suspended in the 

medium are more likely to fully occupy the pores 
of a hydrophilic material in the absence of a 
driving pressure exceeding the bubble point value 
of the material, compared to hydrophobic 
35 materials. The presence of these ions within the 
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pores in the hydrophilic materials provides the 
capacity of ionic current flow with no need for 
liquid perfusion through the pores. As a result, 
pore sizes may be decreased more readily with 
5 hydrophilic materials, thereby raising the bubble 

point value to minimize liquid perfusion, without 
adversely affecting desired ionic current-carrying 
capacities. Furthermore, the relationship between 
porosity and resistivity is more direct in the 

10 case of hydrophilic materials than with 

hydrophobic materials. 

Some forms of nylon (e.g., nylon 6 or 
nylon 6/6) are examples of hydrophilic materials 
having high water adsorption suitable for use as a 

15 porous electrode. The nylon sample identified in 

Example 3 below has 4.0% to 4.2% moisture 
adsorption at 65% relative humidity and a 
temperature of 20° C. 

Nevertheless, conventional medical grade 

20 "balloon" materials, such as PET and PeBax, are 

hydrophobic. Ions in the medium are less likely 
to occupy the pore of a hydrophobic membrane, 
absent a driving pressure exceeding the bubble 
point value of the material, compared to a 

25 hydrophilic material. As a result, hydrophobic 

materials are more likely to require liquid flow 
through the pores to carry ions into the pores, to 
thereby enable transmission of electrical energy 
across the porous material. With such materials, 

3 0 the inflation pressure of the body should exceed 

the bubble point value to enable effective ionic 
transport. 

Furthermore, due to the higher surface 
tension of hydrophobic material, which tends to 

35 restrict ion flow into the pores, hydrophobic 



materials also exhibit a greater tendency to cause 
material breakdown at the pores, compared with 
hydrophilic materials. The large potential 
differences across each pore in a hydrophobic 
material may cause dissociation of water 
molecules, dielectric breakdown of the membrane 
material, and localized overheating. The 
breakdown is associated with high temperature 
effects and, depending on the material, can open 
up the pores, burn the material surrounding the 
pores, and generally degrade the material. In 
addition, material breakdown can produce hazardous 
tissue effects similar to DC ablation, such as 
tissue charring. 

Therefore, changing the water adsorption 
characteristics of a porous material from more 
hydrophobic to more hydrophilic can offset 
undesired electrical characteristics, without 
changing pore size or porosity. For example, the 
incidence of material breakdown due to high 
current densities and potential drops at the pores 
can be reduced by increasing the porosity of the 
material. However, the incidence of material 
breakdown can be reduced or eliminated without 
altering the porosity, by selecting a material 
that is hydrophilic; for example, materials such 
as regenerated cellulose, nylon 6, and nylon 6/6 , 
which typically have high water adsorption. 
Alternatively, coatings or surface treatments may 
be applied to a less hydrophilic material making 
it more hydrophilic. For example, some materials 
can be dipped into a specially formulated 
hydrophilic coating and exposed to ultraviolet 
light to bind the coating to the material surface. 
This approach is especially advantageous when 
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conventional "balloon" materials are used for the 
body 2 2 , provided the coating withstands ablation 
temperatures without degrading. 

Other measures can be employed to offset 
5 other undesired electrical characteristics due to 

pore size or porosity or water adsorption 
properties. For example, for larger pore 
materials, or when porous hydrophilic materials 
are used, the perfusion rate can be controlled by 

10 controlling fluid pressures across the body 22. 

Alternatively, for larger pore materials, 
or when porous hydrophilic materials are used, a 
material can be added to the hypertonic solution 
to increase its viscosity, thereby decreasing its 

15 perfusion rate. Examples of materials that can be 

added to increase viscosity include ionic contrast 
(radiopaque) substances or nonionic glycerol or 
concentrated mannitol solutions. 

For example, the electrical performance 

20 of woven materials having larger pore sizes may be 

aided by the addition of an ionic radiopaque 
contrast material like Renografin* -76. By adding a 
radiopaque material to the aqueous solution, the 
body 22 may be seen under fluoroscopy (or 

25 echocardiography, depending on the contrast 

material) . The flow resistance of the porous 
material will effectively increase, due to the 
increased viscosity of the medium. 

The use of ionic materials to increase 

3 0 viscosity need not excessively increase the 

resistivity of the membrane, depending on the 
concentration of the ionic material. The following 
Table 1 summarizes the results of in vitro 
experiments, using an ionic radiopaque material 

35 with a woven nylon 13 . 0 mm disk probe. 
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TABLE 1 
Effects of Ion Contrast Material on Ablation 
with a Woven Nylon Disk 





Fluid 


Set 


Average 


Average 


Lesion 


Lesion 


5 


Medium 


Temperature 


Power 


Impedance 


Depth 


Length 




9% NaCI 


90oC 


23 W 


68 0 


9.9 mm 


21.0 mm 




50%-9% NaCI 


90oC 


13 W 


85 O 


8.4 mm 


16.6 mm 




50%-Contrast 












10 


Contrast 
Material 


90oC 


14 W 


120Q 


8.6 mm 


17.9 mm 



nIOTE: All lesion dimensions are based on the 60 oC discoloration characteristic. 



Table 1 shows that the ionic contrast medium 
can reduce the power required to achieve 
15 equivalent ablation results and still create 

desired lesions. 

For porous materials, either hydrophilic or 
hydrophobic, the system 10 can include a device to 
sense impedance proximate to the body-tissue 

2 0 interface. As Fig. 9 shows, impedance decreases 

with increasing liquid perfusion flow rate, until 
a limit point is reached, at which impedance 
stabilizes despite increasing perfusion rates. By 
sensing impedance, it is possible to control 

25 perfusate flow between a minimum flow rate R^ IM (at 

which impedance is too high) and a maximum flow 
rate (above which potential salt or water 

overload conditions come into existence) . 

The surface area of the electrode 3 0 bathed 

30 in the electrically conductive medium within the 

body can be increased to enhance ionic transfer. 
However, the desired characteristics of small 
geometry collaspsibility and overall flexibility 
of the body impose practical constraints upon 

3 5 electrode size. 

The proximity of the electrode 3 0 to the 
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pores 44 of the body 22 also enhances the 
efficiency of ionic transfer through the 
electrically conductive medium. Again, the 
structural characteristics of presenting a 
5 flexible, small collapsed profile create practical 

constraints upon this consideration. 
Forming the Body ?2 

The expandable-collapsible body 22 can be 
formed about the exterior or interior of a glass 

10 mold. In this arrangement, the external dimensions 

of the mold match the desired expanded geometry of 
the expandable-collapsible body 22. The mold is 
dipped in a desired seguence into a solution of 
the body material until the desired wall thickness 

15 is achieved. The mold is then etched away, leaving 

the formed expandable-collapsible body 22. 

Alternatively, the expandable-collapsible 
body 22 may also be blow molded from extruded 
tubing. In this arrangement, the body 2 2 is 

20 sealed at one end using adhesive or thermal 

fusion. The opposite end of the body 22 is left 
open. The sealed expandable-collapsible body 22 
is placed inside the mold. An inflation medium, 
such as high pressure gas or liquid, is introduced 

25 through the open tube end. The mold is exposed to 

heat as the tube body 22 is inflated to assume the 
mold geometry. The formed expandable-collapsible 
body 2 2 is then pulled from the mold. 

The porosity of the body 22 can be imparted 

30 either before or after molding by C0 2 laser, eximer 

laser, YAG laser, high power YAG laser, electronic 
particle bombardment, and the like. 

As earlier discussed, coatings or surface 
treatments may also be applied to make the surface 

35 more hydrophilic to improve the electrical 
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properties of the body 22 for tissue ablation. 

Commercially available porous materials can 
also be formed into the body 22 . For those 
materials having poor bonding properties that are 
formed by chemical processes, such as the 
regenerated cellulose, the material may be 
chemically formed into a three-dimensional 
geometry by a dipping process (as generally shown 
in Fig. 32A and as will be described later), 
injection molding, or by varying the diameter and 
geometry during extrusion. 

For those materials that can be thermally 
bonded, laser welded, ultrasonically welded, and 
adhesively bonded, there are various ways that 
make use of these bonding or welding techniques to 
form a three-dimensional geometry from a sheet of 
the material may be employed. Fixtures and 
mandrels can be used to form the body 22 in 
conjunction with heat and pressure. 

Figs. 19 to 23 show a preferred way for 
forming a sheet of porous material 200 into the 
desired three dimensional geometry of an ablation 
body 22. As Fig. 19 shows, the sheet 2 00 is placed 
over a forming cavity 202 on a fixture 204. The 
geometry of the forming cavity 202 corresponds to 
the geometry desired for the distal end of the 
body 22. In the illustrated embodiment, the 
geometry is generally hemispherical. 

As Fig. 2 0 shows, a forming mandrel 2 06 
presses a section 208 of the sheet 200 into the 
forming cavity 202. The geometry of the forming 
mandrel 2 06 matches the hemispherical geometry of 
the forming cavity 202. The mandrel 206 nests 
within the cavity 202, sandwiching the material 
section 208 between them. This sets by pressure 
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the desired hemispherical shape to the material 
section 208. Either the forming mandrel 206 or the 
forming cavity 202 , or both, may be heated to 
provide an additional thermal set to the material 
5 section 208 within the cavity 202. Pressure and, 

optionally, heat within the cavity 202 shape the 
material section 2 08 from a planar geometry into 
the desired hemispherical geometry (see Fig. 21) . 
The sheet with the preformed section 2 08 is 

10 removed from the fixture 204 and mounted upon a 

finishing fixture 210 (see Fig. 22) . The finishing 
fixture 210 includes a distal end 212 having a 
geometry that matches the geometry of the 
preformed section 208. The section 208 fits on 

15 the distal fixture end 212. 

The finishing fixture 210 includes a proximal 
end 214 that has the geometry desired for the 
proximal end of the body 22, which in the 
illustrated embodiment is hemispherical, too. The 

20 sheet 200 is snugly draped about the proximal end 

214 of the fixture 210. 

The finishing fixture 210 includes a base 
region 216, about which the remaining material of 
the sheet 200 is gathered in overlapping pleats 

25 218. The sheet 200 thereby tightly conforms to the 

entire geometry of the fixture 210. 

The finishing fixture 210 may be heated to 
aid in providing an additional thermal set to the 
sheet 200 in the desired geometry of the body 22. 

30 A clam shell mold (not shown) may also be fastened 

about the fixture 210 to facilitate the shaping 
process. 

The sheet material, now shaped as the porous 
body 22 (see Fig. 23) is slipped from the fixture 
3 5 210. The material pleats 218 that had been 
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gathered about the base region 216 of the fixture 
210 are bonded together, for example, by thermal 
bonding or ultrasonically welding. This forms a 
reduced diameter neck region 22 0 in the body 22 to 
facilitate attachment of the body 22 to the distal 
end of a catheter tube. 

Before pleating, the sheet ends 217 may be 
cut into sections to minimize the amount of 
material which accumulates during the pleating 
process. After pleating, the excess material may 
be back-folded and bonded to the neck region 22 0 
and/or otherwise trimmed to form a smooth 
transition between the neck region 220 and the 
distal region 208. 
15 Alternatively, after removal from the fixture 

204, the sheet 200 with preformed section 208, can 
be wrapped about an expandable fixture 222 (see 
Fig. 24). The proximal ends 217 of the sheet 200 
are snugly tied about the neck of the fixture 222 
20 by a tie member 223. 

The fixture 222 comprises a balloon (made, 
for example, from a Teflon material) or the like, 
which can be expanded using gas or liquid into the 
geometry desired for the body 22. The sheet 200 
2 5 is thereby shaped by the expanding fixture 22 2 to 

take the desired geometry. 

Before or during expansion of the fixture 
222, heat may be applied to the ends 217 of the 
sheet 200 to soften the material to aid the 
30 shaping process. External pressure may also be 

applied to the proximal ends of the sheet 200 to 
aid in creating the neck region 220 having the 
desired reduced diameter. This also helps to 
prevent "bunching" of material at the proximal 
35 ends 217. 
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The fixture 222 itself may also be heated by 
using heated gas or liquid to expand the fixture. 
The heat provides an additional thermal set to the 
sheet 200 in the desired geometry of the body 22. 
5 An external clam shell mold (not shown) may also 

be fastened about the fixture 222 to facilitate 
the shaping process. Alternatively, an external 
shell of a material such as glass, which may be 
etched away, may be used to impart the desired 

10 final geometry. 

Throughout any heating process used in 
forming the body 22 using either fixture 204 or 
222 , a heat sink (not shown) may be used to cool 
the preformed distal section 2 08 so that the pore 

15 sizes do not change significantly during a heating 

process. 

Alternatively, the heating effects on the 
pore size may be estimated and accounted for in 
forming the sheet 2 00 in the first instance, 

20 before shaping into the body 22. For example, if 

the pores open during shaping, the pores may be 
formed during manufacture proportionally smaller, 
to take into account the increase in size during 
shaping. Thus, the desired pore size is 

25 ultimately achieved while shaping the sheet into 

the body 22. 

After the shaping process, the fixture 222 is 
deflated and withdrawn (see Fig. 25) . The formed 
body 22 remains. 

30 In yet another alternative process (see Figs. 

2 6 and 27) , the body 22 can be formed by joining 
two preformed sections 225 along a circumferential 
seam 224. In the illustrated embodiment, the 
sections 225 are formed as hemispheres in the 

35 manner shown in Figs. 19 to 21, with excess 



material about the periphery of the section 225 
cut away. The sections 225 could likewise be 
preformed by a molding process, depending upon the 
properties of the material. 

The seam 224 joining the two sections 225 is 
formed through thermal bonding, ultrasonically 
welding, laser welding, adhesive bonding, sewing, 
or the like, depending upon the properties of the 
material. The bonding or sewing method employed 
is selected to assure that the seam forms an 
air-tight and liquid-sealed region. The tensile 
strength of the seam 224 should also exceed the 
bubble point value of the porous material . 

Alternatively, two generally circular planar 
sections of porous material, cut to size from a 
sheet, can be joined about their peripheries by a 
seam, without prior shaping. This creates a 
normally collapsed disk enclosing an open 
interior. The introduction of air or liquid into 
the open interior during use causes the disk to 
expand into the geometry desired for the body 22. 
The disk could also enclose an interior support 
structure 54 (as generally shown in Figs. 5 to 7) , 
which shapes the disk to the desired geometry. 

Preferably, after joining the hemispherical 
or planar sections 225 at the seam 224, excess 
material extending beyond to the seam 22 4 is cut 
away. Still, as contact between tissue and the 
somewhat roughened surface region of the seam 224 
could cause trauma, the joined sections 225 are 
preferably everted (see Fig. 2 8 A) . Ever s ion 
locates the seam 224 within the interior of the 
body 22 (as Fig. 28B shows), away from direct 
contact with tissue. 

As Fig. 28A shows, the joined sections 22 5 



can be everted by creating a small hole 2 50 at one 
end 252, inserting a pull-wire 254 and attaching 
it to the opposite end 256, then pulling the 
opposite end 256 through the hole 250. This turns 
the attached hemispherical sections 225 inside 
out. 

In the foregoing embodiments, the 
circumferential seam 224 extends about the axis of 
the body 22. Alternatively (as Figs. 29A and 29B 
show) , seams 22 6 can extend along the axis of the 
body 22 to join two or more sections 228, either 
planar or preformed into a three dimensional 
shape, into the body 22. Mating fixtures (not 
shown) can be used, each carrying a body section 
228 , to hold the sections 228 stationary while 
heat or ultrasonic energy is applied to create the 
seam 226. 

As Fig. 3 0 shows, other axially extending 
seams 23 0 may also be placed within a sheet of 
porous material, not to join the sheet to another 
sheet, but rather to segment the sheet. Further 
details about segmented porous electrodes will be 
discussed later. For the purpose of illustration, 
Fig. 3 0 somewhat exaggerates the hemispherical 
protrusion of the segments along the seams 22 6 and 
230. 

Preferably, the resulting body 22 is everted, 
as just described, to place the axially extending 
seams 226 or 230 inside the body 22. 

It should be appreciated that the sections 
225 or 228 shown in Figs. 2 6 to 30, whether planar 
or preforming in three dimensional geometries, 
need not be made of the same material. Materials 
of different porous characteristics can be joined 
by seams in the manner just described. 



Alternatively, porous materials may be joined by 
seams to nonporous materials, which can themselves 
be either electrically conductive or electrically 
insulating. Or, still alternatively, electrically 
conductive materials can be joined by seams to 
insulating materials, to provide double sided 
electrode bodies, one (electrically conductive) 
for contacting tissue, and the other (electrically 
insulating) for exposure to the blood pool. 
Virtually any flexible material suitable for use 
in association with an electrode body can be 
combined using seams according to this aspect of 
the invention. Also, it should be realized that 
the number of sections joined together by seams to 
form a composite electrode body can vary. 

Various specific geometries, of course, can 
be selected, as well. The preferred geometry is 
essentially spherical and symmetric, with a distal 
spherical contour, as Fig. 2 shows. However, 
nonsymmetric or nonspherical geometries can be 
used. For example, the expandable-collapsible body 
22 may be formed with a flattened distal contour, 
which gradually curves or necks inwardly for 
attachment with the catheter tube 12. Elongated, 
cylindrical geometries can also be used, such as 
shown in Figs. 3 3 and 34B, which will be discussed 
later. 

Fig. 10 shows an alternative expandable- 
collapsible porous body 50. In this embodiment, 
the body 50 comprises open cell foam molded to 
normally assume the shape of the expanded 
geometry. The electrode 3 0 is encapsulated within 
the foam body 50. The hypertonic liquid medium 38 
is introduced into the foam body 50, filling the 
open cells, to enable the desired ionic transport 



of ablation energy, as already described. The 
transport of ions using the foam body 50 will also 
occur if the body 50 includes an outer porous skin 
51 (as the right side of Fig. 10 shows), which can 
provide a porosity less than the porosity of the 
foam body 50 to control the perfusion rate. 

In this arrangement, a sliding sheath (as 
previously described) can be advanced along the 
catheter tube 12 to compress the foam body 50 into 
the collapsed geometry. Likewise, retraction of 
the sheath removes the compression force. The 
foam body 50, free of the sheath, springs open to 
return the expandable-collapsible body 50 back to 
the expanded geometry. 

In the illustrated and preferred embodiment, 
a distal steering mechanism 52 (see Fig. 1) 
enhances the manipulation of the porous electrode 
structure 20 or 50, both during and after 
deployment. The steering mechanism 52 can vary. 
In the illustrated embodiment (see Fig. 1) , the 
steering mechanism 52 includes a rotating cam 
wheel 56 coupled to an external steering lever 58 
carried by the handle 18. The cam wheel 56 holds 
the proximal ends of right and left steering wires 
60. The wires 60 pass with the ablation energy 
signal wires 32 through the catheter tube 12 and 
connect to the left and right sides of a resilient 
bendable wire or leaf spring (not shown) adjacent 
the distal tube end 16. Further details of this 
and other types of steering mechanisms are shown 
in Lundquist and Thompson U.S. Patent 5,254,088, 
which is incorporated into this Specification by 
reference. 

As shown in Fig. 1, the leaf spring of the 
steering mechanism 52 is carried within in the 



distal end 16 of the catheter tube 12. As Fig. 1 
shows, forward movement of the steering lever 58 
pulls on one steering wire 60 to flex or curve the 
leaf spring, and, with it, the distal catheter end 
16 and the electrode structure 20, in one 
direction. Rearward movement of the steering 
lever 58 pulls on the other steering wire 60 to 
flex or curve the leaf spring 62, and, with it, 
the distal catheter end 16 and the electrode 
structure 20, in the opposite direction. 

Alternatively, as Fig. 3 2C shows, a steerable 
leaf spring 268 is part of a distal fixture 270, 
which is itself attached to the distal end of the 
porous body 22* In this arrangement, the leaf 
spring 268 extends beyond the distal catheter end 
16 within a tube 272 inside the porous body 22. 
The steering wires 60 and 62 attached to the leaf 
spring 268 also pass through the tube 272. The 
proximal end of the leaf spring 2 68 is secured to 
a hub 2 74 attached to the distal catheter end 16. 

In this arrangement, forward and rearward 
movement of the steering lever 58 on the handle 18 
bends the leaf spring 268 in opposite directions 
within the body 22. The leaf spring 268 moves the 
distal fixture 27 0 and deforms the porous body 22 
in the direction that the leaf spring 2 68 bends. 

In either arrangement, the steering mechanism 
54 is usable whether the expandable-collapsible 
body is in its collapsed geometry or in its 
expanded geometry. 

Figs. 32 A and 32B show a preferred way of 
securing the distal fixture 270 and leaf spring 
268 to a porous body 22. In Fig. 32A, the porous 
body 22 is formed by dipping an expandable fixture 
276 having a desired geometry into solution of 
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regenerated cellulose 278. The details of such an 
expandable fixture 276 have already been described 
in another context and are shown in Figs. 24 and 
25. It should be appreciated that the porous body 
5 22 can be formed in various other ways, as already 

described. 

As Fig. 32B shows, the fixture forms a dip- 
formed porous body 22 having a proximal neck 
region 280 and a distal neck region 282. After 

10 molding the body 22, the expandable fixture 276 is 

collapsed and withdrawn, as Fig. 32B also shows. 

As Fig. 32B shows, the distal neck region 282 
is secured about the distal fixture 270, for 
example using adhesive or a sleeve 288 that is 

15 secured by adhesive bonding, thermal bonding, 

mechanical bonding, screws, winding, or a 
combination of any of these. 

The distal fixture 270 has, preattached to 
it, the leaf spring 2 68 and associated components, 

20 already described. When initially secured to the 

fixture 270, the proximal neck region 280 of the 
body 22 is oriented in a direction opposite to the 
leaf spring 268. 

After securing the distal neck region 282 to 

25 the fixture 270, the body 22 is everted about the 

distal fixture 270 over the leaf spring 268, as 
Fig. 32C shows. The proximal end of the leaf 
spring 268 is secured to the hub 274 carried by 
the distal catheter end 16. The everted proximal 

3 0 neck region 280 is then secured to the distal 

catheter end by use of a sleeve 286. The sleeve 
286 can be secured about the catheter tube in 
various ways, including adhesive bonding, thermal 
bonding, mechanical bonding, screws, winding, or a 

3 5 combination of any of these. 



Various alternative ways of attaching a 
porous electrode body to the distal end of a 
catheter are disclosed in copending patent 
application entitled "Stem Elements for Securing 
Tubing and Electrical Wires to Expandable- 
Collapsible Electrode Structures," (Attorney 
Docket 2458A-6) . 

As will be described in greater detail later, 
the distal fixture 270 can also serve as a 
nonporous electrically conductive region on the 
porous body 22. Similar fixtures 270 can be 
located elsewhere on the porous body 2 2 for the 
same purpose. 

A stilette (not shown) may also be attached 
to the distal fixture 270 instead of or in 
combination with the leaf spring 268. From there, 
the stilette extends inside the body 22 (following 
eversion) , through the catheter tube 12, to a 
suitable push-pull controller on the handle 18 
(not shown) . The stilette is movable along the 
axis of the catheter tube 12 to push and pull 
axial ly upon the distal fixture 2 70, thereby 
elongating or shortening the body 22. 

Further details concerning the attachment of 
a distal fixture to an electrode body are shown in 
copending patent application entitled "Expandable- 
Collapsible Electrode Structures With Distal End 
Steering or Manipulation," (Attorney Docket 2458A- 
4) . 

Figs. 3 3 and 34A/34B show exemplary electrode 
bodies having elongated, cylindrical geometries, 
which can be associated with various distal 
fixtures in the manner shown and attached to 
distal catheter ends 16 in the manner shown in 
Figs. 3 2B and 3 2C. 
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In Fig. 33, the body 290 is formed by 
extrusion, dipping, or molding into an elongated 
geometry with varying radii to form the distal and 
proximal neck regions 280 and 282. A suitable 
5 distal fixture 270 (shown in phantom lines) can be 

secured within the distal neck region 282 and the 
elongated body 22 everted to complete the 
assembly, in the manner shown in Figs. 32B and 
32C. The proximal neck region 280 can then be 

10 secured to a distal catheter end 16 in the manner 

shown in Fig. 32C. 

In Figs. 34A and 34B, the body 22 is formed 
from a tube 292 of material formed by extrusion, 
molding, or dipping with a uniform radius (shown 

15 in Fig. 34A) . In this arrangement (see Fig. 34B) , 

a seam 294, formed the manner previously 
disclosed, closes the distal end of the tube 292. 
The proximal end of the tube 292 is sealed about a 
tubular port 296, for attachment to the distal 

20 catheter end 16. Alternatively, the distal end of 

the tube 292 can be sealed about a distal fixture 
270 (shown in phantom lines in Fig. 34B) . In the 
latter case, the tube 292 is everted about the 
distal fixture 270 before attachment to the 

2 5 catheter distal end 16. 

The pattern of pores 44 that define the 
porous region of the body may vary. Preferably, 
as generally shown in Figs. 2 and 3, the region of 
at least the proximal l/3rd surface of the 

30 expandable-collapsible body 22 is free of pores 

44. 

The absence of pores 44 on the at least 
proximal l/3rd surface of the expandable- 
collapsible body 22 is desirable for several 
35 reasons. This region is not normally in contact 



with tissue, so the presence of the virtual 
electrode boundary serves no purpose. 
Furthermore, this region also presents the 
smallest diameter. If electrically conductive, 
this region would possess the greatest current 
density , which is not desirable. Keeping the 
proximal region of smallest diameter, which is 
usually free of tissue contact, free of pores 44 
assures that the maximum current density will be 
distributed at or near the distal region of the 
expandable-collapsible body 22, which will be in 
tissue contact. 

When it is expected that ablation will occur 
with the distal region of body 2 2 oriented in end- 
on contact with tissue, the porous region should, 
or course, be oriented about the distal tip of the 
expandable-collapsible body 22. For this end-on 
orientation, the porous region may comprise a 
continuous cap deposited upon the distal l/3rd to 
% of the body 22, as Figs. 2 and 3 show. However, 
when distal contact with tissue is contemplated, 
the preferred embodiment (see Fig. 11) segments 
the electrically conductive porous region into 
separate energy transmission zones 62 arranged in 
a concentric "bulls eye" pattern about the distal 
tip of the body 22. 

When it is expected that ablation will occur 
with the side region of the body 22 oriented in 
contact with tissue , the porous region is 
preferably segmented into axially elongated energy 
transmission zones 62 (see Fig. 12) , which are 
circumferentially spaced about the distal l/3rd to 
H of the body. 

When the porous region comprises segmented 
zones 62 on the body 22, an interior group of 
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sealed bladders 64 (see Fig. 13) can be used to 
individually convey liquid 38 to each porous 
region segment 62. Each bladder 64 individually 
communicates with a lumen 66 to receive the 
5 electrically conductive liquid for the one porous 

region 62 it services. The multiple lumens pass 
through the catheter tube 12. The multiple 
bladders 64 also provide the ability to more 
particularly control the geometry of the expanded 

10 body 22, by selectively inflating with the liquid 

some but not all the bladders 64. 

The bladders 64 may be separately formed and 
inserted into the body 22, or they may be 
integrally formed during molding the main 

15 expandable-collapsible body 22. 

As Fig. 12 shows, segmented porous zones 62 
are also well suited for use in association with 
folding expandable-collapsible bodies 22. In this 
arrangement, the regions that are free of pores 

20 comprise creased or folding regions 68. To create 

these regions 68, the mold for the body 22 has a 
preformed surface geometry such that the 
expandable-collapsible material would be formed 
slightly thinner, indented, or ribbed along the 

25 desired regions 68. The expandable-collapsible 

body 2 2 collapses about these creased regions 68, 
causing the body 22 to circumf erentially fold upon 
itself in a consistent, uniform fashion. The 
resulting collapsed geometry can thus be made more 

30 uniform and compact. 

It should be appreciated that the foldable 
body 2 2 shown in Fig. 12 can also be used for 
other patterns of porous regions. The creased 
regions 68 can also be provided with pores, if 

35 desired* 



Fig. 14 shows an embodiment of an expandable- 
collapsible electrode structure 70 that serves 
dual functions. The structure 70 includes an 
expandable-collapsible body 22, as previously 
described, containing the interior electrode 30. 
The body 2 2 contains an electrically conductive 
fluid 38 , and also includes one or more porous 
regions 62 to enable ionic transport of electrical 
energy, also as just described. 

The structure 70 shown in Fig. 14 also 
includes one or more nonporous, electrically 
conductive regions 72 on the surface of the body 
22. In one embodiment (as Fig. 14 shows), the 
nonporous conductive regions 72 comprise metal, 
such as gold, platinum, platinum/ iridium, among 
others, deposited upon the expandable-collapsible 
body 22 by sputtering, vapor deposition, ion beam 
deposition, electroplating over a deposited seed 
layer, or a combination of these processes. 
Alternatively, the nonporous conductive regions 72 
can comprise thin foil affixed to the surface of 
the body. Still alternatively, the nonporous 
conductive regions can comprise solid fixtures 
(like the distal fixture 270 shown in Fig. 32C) 
carried by the porous body 22 at or more 
locations. Signal wires (not shown) within the 
body are electrically coupled to the nonporous 
regions. The signal wires traverse the catheter 
tube 12 for coupling to the connectors 38 carried 
by the handle 18. 

In the preferred embodiment (see Fig. 15) , 
the nonporous conductive regions 72 comprise 
insulated signal wires 26 passed into the interior 
of the body and then snaked through the body 22 at 
the desired point of electrical connection. The 
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electrical insulation of the distal end of the 
snaked-through wire 2 6 is removed to exposed the 
electrical conductor, which is also preferably 
flattened, to serve as the conductive region 72. 
The flattened region 72 is affixed by an 
electrically conductive adhesive 73 to body 22. 
Adhesive 73 is also preferable applied in the 
region of the body 2 2 where the wire 26 passes to 
seal it. The same signal wire 2 6 can be snaked 
through the body 2 2 multiple times to establish 
multiple regions 72, if desired. 

Various ways for attaching nonporous 
electrodes 72 and associated signal wires to an 
expandable-collapsible electrode body 22 are 
described in copending Patent Application entitled 
"Enhanced Electrical Connections for Electrode 
Structures" (Attorney Docket 2458A-5) . 

The nonporous regions 72 can be used to sense 
electrical activity in myocardial tissue. The 
sensed electrical activity is conveyed to an 
external controller, which processes the 
potentials for analysis by the physician. The 
processing can create a map of electrical 
potentials or depolarization events for the 
purpose of locating potential arrhythmia foci. 
Once located with the nonporous regions 72, the 
porous regions 62 can be used to convey radio 
frequency energy as previously described to ablate 
the foci. 

Alternatively, or in combination with sensing 
electrical activities, the nonporous regions 72 
can be used to convey pacing signals. In this 
way, the nonporous regions can carry out pace 
mapping or entrainment mapping. 

Preferably (see Figs. 16) , the interior 



surface of the body 22 carries electrodes 100 
suitable for unipolar or bipolar sensing or 
pacing. Although these electrodes 100 are located 
on the interior surface of the body 22, their 
ability for sensing or pacing is not impaired 
because of the good electrical conductive 
properties of the body 22. 

Different electrode placements can be used 
for unipolar or bipolar sensing or pacing. For 
example, pairs of 2 -mm length and 1-mm width 
electrodes 100 can be deposited on the interior 
surface of the body 22. Connection wires 102 can 
be attached to these electrodes 100. To prevent 
the hypertonic solution from electrically 
short-circuiting these electrodes, they have to be 
covered with an electrically insulating material 
104 (e.g. epoxy, adhesive etc.). Preferably the 
interelectrode distance is about 1 mm to insure 
good quality bipolar electrograms. Preferred 
placements of these interior electrodes are at the 
distal tip and center of the structure 22. Also, 
when multiple zones are used, it is desired to 
have the electrodes 100 placed in between the 
ablation regions. 

It is also preferred to deposit opaque 
markers 106 on the interior surface of the body 22 
so that the physician can guide the device under 
fluoroscopy to the targeted site. Any high-atomic 
weight material is suitable for this purpose. For 
example, platinum, platinum-iridium. can be used 
to build the markers 106. Preferred placements of 
these markers 106 are at the distal tip and center 
of the structure 22. 

The expandable-collapsible structure 7 0 shown 
in Fig. 14 thereby combines the use of "solid" 



nonporous electrodes 72 with "liquid" or porous 
electrodes 62. The expandable-collapsible 
structure makes possible the mapping of myocardial 
tissue for therapeutic purposes using one 
electrode function, and the ablation of myocardial 
tissue for therapeutic purposes using a different 
electrode function . 

In an alternative embodiment , the nonporous 
regions 72 of the structure 70 can be used in 
tandem with the porous regions 62 to convey radio 
frequency energy to ablate tissue. In this 
arrangement, the signal wires serving the region 
72 are electrically coupled to the generator 4 0 to 
convey radio frequency energy for transmission by 
one or more regions 72, At the same time, the 
interior electrode 3 0 receives radio frequency 
energy for transmission by the medium 3 8 through 
the porous body. The ionic transport across the 
porous structure surrounding the regions 7 2 
extends the effective surface area of the ablation 
electrode. 

In this embodiment, the expandable- 
collapsible structure 70 shown in Fig. 14 thereby 
combines the use of electrodes 72 having a first 
effective surface area for sensing and mapping. 
The first effective surface area can be 
selectively increased for ablation purposes by 
ionic transport of a hypertonic liquid across a 
porous structure surrounding the electrodes 72 . 

If liquid perfusion occurs through the pores, 
an interior electrode 30 is not required to 
increase the effective electrode surface area of 
the regions. The liquid perfusion of the ionic 
medium through the pores at the time the regions 
transmit radio frequency energy is itself 



sufficient to increase the effective transmission 
surface area of the regions 72. However, if ionic 
transfer occurs without substantial liquid 
perfusion, it is believed that it would be 
advantageous in increasing the effective surface 
area to also transmit radio frequency energy using 
an interior electrode 30 at the same time that 
radio frequency is being delivered to the exterior 
regions 72 for transmission. 

It should also be appreciated that, in this 
embodiment, the regions 72 can themselves be made 
from a porous, electrically conducting material. 
In this way, ionic transport can occur across the 
regions 72 themselves. 

As before described (see Fig. 1) , a 
controller 32 preferably governs the conveyance of 
radio frequency ablation energy from the generator 
30 to the electrode carried within the body 22. 
In the preferred embodiment (see Fig. 2) , the 
porous electrode structure 20 carries one or more 
temperature sensing elements 104, which are 
coupled to the controller 32. 

The temperature sensing elements 104 can take 
the form of thermistors, thermocouples, or the 
equivalent. The sensing elements 104 are in 
thermal conductive contact with the exterior of 
the electrode structure 20 to sense conditions in 
tissue outside the structure 20 during ablation. 

Temperatures sensed by the temperature 
sensing elements 104 are processed by the 
controller 32. Based upon temperature input, the 
controller adjusts the time and power level of 
radio frequency energy transmissions by the 
electrode 30, to achieve the desired lesion 
patterns and other ablation objectives. 



Various ways for attaching temperature 
sensing elements to an expandable-collapsible 
electrode body are described in copending Patent 
Application entitled "Enhanced Electrical 
Connections for Electrode Structures" (Attorney 
Docket 24 58A-5) . 

As Figs. 31A, 3 IB, and 31C show, temperature 
sensing elements 104 can also be positioned 
proximal to or within a seam 258 joining sheets 
2 60 and 262 of porous material together into a 
body 22. The formation of such seams 258 has been 
already described and is also shown in Figs. 2 6 to 
30. 

As shown in Figs. 31A and 3 IB, each 
temperature sensing element 104 is placed on one 
sheet 2 60, and then covered by the other sheet 
262. The two sheets 260 and 262 are then seamed 
together, forming the body 22. The seam 258 
encapsulates the sensing elements. The signal wire 
264 for each sensing element 104 extends free of 
the seam 258 to the exterior of the sheets 2 60 and 
262, as Figs. 31A and 3 IB show. 

As previously described, the body 22 is 
preferably everted (see Fig. 28A) . As Fig. 31C 
shows, eversion locates both the seam 258 and the 
encapsulated signal wires 264 within the interior 
of the body 22. The signal wires 264 are passed 
through the neck 2 66 for coupling to the 
controller 32. 

Instead of or in addition to the temperature 
sensing elements 104, pacing electrodes or sensing 
electrodes may be encapsulated within the seams 
258 of everted electrode bodies 22 in the manner 
shown in Figs. 31A to 31C. In such arrangements, 
it is preferred to locate the electrodes so that, 
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after eversion, they are located within the seams 
close to the surface of the material where 
intended contact between the body material and 
tissue is to take place. 
5 Further details of the use of multiple 

ablation energy transmitters controlled using 
multiple temperature sensing elements are 
disclosed in copending U.S. Patent Application 
Serial No. 08/286 , 930, filed August 8, 1994, and 
10 entitled "Systems and Methods for Controlling 

Tissue Ablation Using Multiple Temperature Sensing 
Elements" . 

EXAMPLE 1 
In Vitro Analysis 
15 Three electrode configurations were analyzed: 

(1) a porous expandable-collapsible 
electrode structure made according to the 
invention, having a 13 mm disk-shaped body 
constructed from dialysis tubing made from 

20 regenerated cellulose (manufactured by Spectra), 

with a molecular weight cut off of 12,000 - 14,000 
Daltons, and using 9% saline solution as the 
internal liquid medium; 

(2) a sputtered platinum disk-shaped 

25 electrode body having a diameter of 13 mm; and 

(3) an expandable-collapsible hemispherical 
electrode structure constructed of aluminum foil 
with a diameter of 10 mm. 

A thermistor was embedded 0.5 mm into animal 
3 0 tissue (sheep) at the region where maximum 

temperature conditions existed. For electrodes (1) 
and (2) , the maximum temperature was at edges of 
the disk-shaped body, due to edge heating effects. 
For the electrode (3), the maximum temperature was 
35 at the distal tip of the hemispherical body, where 
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current densities are greatest. 

Radio frequency electromagnetic power was 
regulated to maintain the thermistor temperature 
at 60°C, 70°C / 80°C, or 90°C. All lesion 
5 dimensions were measured based on the 60 °C 

isotherms, marking the discoloration of tissue. 

The following Table 2 lists the observed in 
vitro results. 



TABLE 2 



Electrode 


Time 
{Sec) 


Average 

Power 

(Watts) 


Average 

Impedance 

(Ohms) 


Average 
Temp 

r C) 


Lesion 
Depth 
(mm) 


Lesion 
Length 
(mm) 




120 


1 1 


75 


59 


4.2 


15.8 




120 


21 


72 


68 


6.4™ 


17.5 




120 


17 


69 


78 


8.0 


17.1 




120 


15 


62 


78 


9.7™ 


18.3 




120 


25 


69 


87 


8.9™ 


19.5 




120 


26 


66 


87 


8.8™ 


20.8 




120 


22 


69 


88 


10.0™ 


19.1 


2 


128 


9 


76 


78 


6.3 


14.2 


3 


120 


23 


69 


78 


6.0 


13.7 


3 


120 


37 


55 


86 


7.4 


18.5 



Note: TM indicates that the lesion was transmural, so depths were actually larger 
than measured. 

The porous electrode structure (1) was 
25 minimally affected by convective cooling compared 

to normal metal ablation electrode, such as 
electrode (2) . This was observed by varying fluid 
flow about the electrode during a particular 
lesion and observing that, with a porous electrode 
3 0 structure, no change in power was required to 

maintain thermistor temperature. 

Table 2 shows that the porous electrode 



structure created lesions at least as large as a 
metal coated electrode structures when regulating 
power based on tissue temperature . The porous 
electrode structure also had reasonable impedance 
levels compared to the metal coated electrode 
structures . 

This Example demonstrates that a porous 
electrode structure can create lesions deeper than 
1.0 cm in a controlled fashion to ablate 
epicardial, endocardial, or intramural VT 
substrates . 

The dialysis tubing forming the porous 
electrode structure has a high water adsorption 
characteristic. The dialysis tubing becomes 
significantly more flexible when exposed to water. 
The molecular weight cutoff was 12,000 to 14,000 
daltons. Larger or smaller molecular weight cut- 
offs are available from Spectrum. The conversion 
from molecular weight cutoff to estimated pore 
size for the dialysis tubing tested is 100,000 
daltons equals 0.01 /urn; 50,000 daltons equals 
0.004 /xm; 10,000 daltons equals 0.0025 /xm; 5,000 
daltons equals 0.0015 pm, as taken from Spectrum 
Medical Instruments brochure entitled 
"Dialysis/Ultraf iltration, " 94/95 (p 10). 

The dialysis tubing possesses a hydrophilic 
nature and high porosity despite low pore sizes. 
As a result, the bubble point value is extremely 
high and the resistivity is low enough to not 
require fluid flow during delivery of 
radiof requency energy. 

EXAMPLE 2 

Finite Element Analysis 

A three-dimensional finite element model was 
created for a porous electrode structure having a 
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body with an elongated shape, with a total length 
of 2 8.4 mm, a diameter of 6.4 mm, and a body wall 
thickness of .1 mm. A . 2-mm diameter metal wire 
extended within the length of the body to serve as 
5 an interior electrode connected to an RF energy 

source. The body was filled with 9% hypertonic 
solution, having an electrical resistivity of 5.0 
ohm* cm. The porous body of the structure was 
modeled as an electric conductor. Firm contact 

10 with cardiac tissue was assumed along the entire 

length of the electrode body lying in a plane 
beneath the electrode. Contact with blood was 
assumed along the entire length of the electrode 
body lying in a plane above the electrode. The 

15 blood and tissue regions had resistivities of 150 

and 500 ohm* cm, respectively. 

Analyses were made based upon resistivities 
of 1.2 k-ohm*cm and 12 k-ohm*cm for the electrode 
body. 

2 0 Table 3 shows the depth of the maximum tissue 

temperature when RF ablation power is applied to 
the porous electrode at various power levels and 
at various levels of resistivity for the porous 
body of the electrode. 

25 TABLE 3 



30 



Resistivity of 
the Porous 

Body 
(k-ohm»cm) 


Power 
(Wens) 


Time 
(Sec) 


Maximum 

Tissue 
Temp CO 


Depth of 
Maximum 

Tissue 
Temp(cm) 


1.2 


58 


120 


96.9 


1.1 


1.2 


58 


240 


97.9 


1.4 


12 


40 


120 


94.4 


0.8 


12 


40 


240 


95.0 


1.0 
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Fig. 17 shows the temperature profiles when 
power is applied to the electrode at 58 watts for 
240 seconds when the porous body has a resistivity 
of 1.2 k-ohm-cm. The depth of 50° C isotherm in 
Fig. 17 is 1.4 cm. 

Fig. 18 shows the temperature profiles when 
power is applied to the electrode at 40 watts for 
240 seconds when the porous body has a resistivity 
of 12 k-ohm*cm. Depth of 50° C isotherm in Fig. 
18 is 1.0 cm. 

In all cases, the maximal temperature is 
located at the interface between tissue and the 
opposite end edges of the elongated porous 
structure. This dictates that the preferred 
location for temperature sensing elements for an 
elongated geometry of the porous body is at each 
end edge of the body. Preferably, each edge 
should carry at least one temperature sensing 
element, and multiple sensing elements should be 
located in diametrically opposite sides to assure 
that at least one of them faces tissue. 

The data also show that the hottest region is 
not moved deep into the tissue, as would be 
observed with metal surface electrodes. The 
hottest region consistently resides at the 
tissue-electrode body interface for direct 
sensing. This feature reduces the difference 
between sensed temperature and actual hottest 
tissue temperature potentially to a theoretical 0° 
C, although somewhat higher differentials may be 
encountered given other aspects of the 
instrumentation • 

The porous electrode body with higher 
resistivity body (see Fig. 18) generated more 
uniform temperature profiles, compared to a porous 
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body having the lower resistivity value (see Fig. 
17) . Due to additional heating generated at the 
tissue-electrode body interface with increased 
electrode body resistivity, less power was 
5 required to reach same maximal temperature . The 

consequence was that the lesion depth decreased. 

As before explained, by selecting the 
resistivity of the body 22, the physician can 
significantly influence lesion geometry. The use 
10 of a low-resistivity body 22 results in deeper 

lesions, and vice versa. The following Table 4, 
based upon empirical data, demonstrates the 
relationship between body resistivity and lesion 
depths . 

15 TABLE 4 



Resistivity 
(ohm* cm) 


Power 
(Watts) 


Temperature 

(°C) 


Lesion Depth 
(cm) 


Time (sec) 


850 


94 


97 


1.2 


120 


1200 


58 i 


97 


1.1 


120 


1 2,000 


40 


95 


0.8 


120 



Because of the reduced thermal conductivity 
of the porous electrode structure, when compared 
to nonporous, metallic surface electrodes, lesion 

25 formation is expected to be less sensitive to 

dynamic blood flow conditions around the 
electrode. The application of ablation energy 
through porous electrodes can be more closely 
controlled to obtain desired lesion 

30 characteristics, particularly when shallow atrial 

lesion are desired. 

The following Table 5, based upon empirical 
data, demonstrates the reduced sensitivity of 
porous electrode structures to convective cooling 
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conditions due to changes in blood flow rates. 



TABLE 5 



Convective Cooling 
Conditions 


Maximum 
Temperature {* C) 


Power (Watts) 


Lesion Depth (cm) 


Normal 


97 


94 


1.2 


50% Reduced 


98 


94 


1.3 


75% Reduced 


95 


79 


0.8 



The use of porous electrode structures 
provides structural benefits. It isolates 
possible adherence problems that may be associated 
with the placement of metal, electrically 
conductive shells to the outside of expandable- 
collapsible bodies. Porous electrode structures 
also avoid potential problems that tissue sticking 
to exterior conductive materials could create. 

In addition to these structural benefits, the 
temperature control of the ablation process is 
improved. When using a conventional metal 
electrode to ablate tissue, the tissue-electrode 
interface is convectively cooled by surrounding 
blood flow. Due to these convective cooling 
effects, the region of maximum tissue temperature 
is located deeper in the tissue. As a result, the 
temperature conditions sensed by sensing elements 
associated with metal electrode elements do not 
directly reflect actual maximum tissue 
temperature. In this situation, maximum tissue 
temperature conditions must be inferred or 
predicted from actual sensed temperatures. Using a 
porous electrode structure 2 0 or 70, convective 
cooling of the tissue-electrode interface by the 
surrounding blood flow is minimized. As a result, 
the region of maximum temperature is located at 
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the interface between tissue and the porous 
electrode. As a result, the temperature 
conditions sensed by sensing elements associated 
with porous electrode elements will more closely 
5 reflect actual maximum tissue. 

EXAMPLE 3 

In Vitro experiments were performed to 
compare hydrophilic materials (Hphl) versus 
hydrophobic materials (HPhb) in terms of their use 
10 as porous tissue ablation elements. Table 6 

summarizes the results. 
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TABLE 6 
Summary of Porous Ablation Materials 



Mat'! 


Mfgr 


HPhb 


HPhl 


Pore 

Size 


Bubble 
point 
value 


No Flow 
impedance 


Imped anc 
e w/ Flow 


Mat'l 
Brkdwn 


Lesion 
Depth 


Dialysis 


Spectrum 




V 


,025//m 


High 


87 Q 


87 CI 


No 


13.8 mm 


Tubing 




















Nylon 


Spectrum 




V 


5 vm 


Med 


68 0 


68 D 


No 


y . y mm 


Mash 




















Stain-St 


Spectrum 






30 //m 


Low 


67 C 


67 Q 


No 


• / mm 


Mash 




















Polycarb 


Millipora 




V 


1 .2 fJtTk 


High 14 


78 G 


78 n 


No 


1 1 fi mm 

1 l • w II II 11 


Film 










psi 










Polyvin- 


Millipore 


V 




5 //m 


High 


> 300 Q 


84 O 


Yes 


10.7 mm 


ylidene 


















w / flow 


Fluoride 




















PTFE 


Millipore 


V 




5 //m 


High 


> 300 n 


> 30O n 


N/A 


NONE 


Polyethers 


Gelman 




V 


5 fjm 


Mad 1- 


80 Q 


80 Q 


No 


10.6 mm 


ulfone 










6 psi 










Polyethers 


Gelman 




V 


0.1 pm 


High 


> 300 n 


> 300 Q 


N/A 


NONE 


ulfone 




















Modified 


Gelman 


V 




10 /mi 


Med 


68 n 


68 Q 


Yes 


9.9 mm 


Acrylic 










1-6 psi 










copolymer 




















Modified 


Gelman 


V 




5 prn 


High 


> 300 Q 


7QC1 


Yes 


11 .0 mm 


Acrylic 


















w/ flow 


copolymer 




















Modified 


Gelman 


V 




10 fim 


High 


> 3oon 


61 Q 


Yes 


11 .3 mm 


Acrylic w/ 


















w/ flow 


backing 




















PTFE 


Pore Tech 


V 




1 frni 


High 


> 300 Q 


> 300 n 


N/A 


NONE 


Cellulose 


Goodfello 




V 


Vary 


High 


> 300 n 


> 3O0G 


N/A 


NONE 


Acetate 


w 






low 













Note: "Mat'l Brkdwn" refers to the presence of material breakdown, as described 
above. 

Table 6 demonstrates that pore sizes may be 
decreased using hydrophilic materials, thereby 
minimizing or stopping liquid perfusion through 
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the porous material, while still enabling ionic 
transport through the membrane. 

Hydrophobic porous materials make possible 
the realization of high resistivity porous 
electrodes. On the other hand, hydrophilic porous 
materials make possible the realization of low 
resistivity porous electrodes. 

Obtaining Desired Lesion Characteristics 

As the foregoing tables demonstrate, the same 
expandable-collapsible porous electrode structure 
20 is able to selectively form lesions that are 
either wide and shallow or large and deep. 
Various methodologies can be used to control the 
application of radio frequency energy to achieve 
this result. 

A * D soc Function 

In one representative embodiment, the 
controller 42 includes an input 300 (see Fig. 1) 
for receiving from the physician a desired 
therapeutic result in terms of (i) the extent to 
which the desired lesion should extend beneath the 
tissue-electrode interface to a boundary depth 
between viable and nonviable tissue and/or (ii) a 
maximum tissue temperature developed within the 
lesion between the tissue-electrode interface and 
the boundary depth. 

The controller 42 also includes a processing 
element 3 02 (see Fig. 1) , which retains a function 
that correlates an observed relationship among 
lesion boundary depth, ablation power level, 
ablation time, actual sub-surface tissue 
temperature, and electrode temperature. The 
processing element 302 compares the desired 
therapeutic result to the function and selects an 
operating condition based upon the comparison to 
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achieve the desired therapeutic result without 
exceeding a prescribed actual or predicted 
sub-surface tissue temperature. 

The operating condition selected by the 
processing element 302 can control various aspects 
of the ablation procedure, such as controlling the 
ablation power level, limiting the ablation time 
to a selected targeted ablation time, limiting the 
ablation power level subject to a prescribed 
maximum ablation power level, and/ or the 
orientation of the porous region 4 4 of the body 
22, including prescribing a desired percentage 
contact between the region 44 and tissue. The 
processing element 302 can rely upon temperature 
sensors carried by or otherwise associated with 
the expandable-collapsible structure 20 that 
penetrate the tissue to sense actual maximum 
tissue temperature. Alternatively, the processing 
element 3 02 can predict maximum tissue temperature 
based upon operating conditions. 

In the preferred embodiment, the electrode 
structure 2 0 carries at least one temperature 
sensing element 104 to sense instantaneous 
localized temperatures (Tl) of the thermal mass of 
the region 44. The temperature Tl at any given 
time is a function of the power supplied to the 
electrode 30 by the generator 40. 

The characteristic of a lesion can be 
expressed in terms of the depth below the tissue 
surface of the 50° C isothermal region, which will 
be called D 50c . The depth D 50c is a function of the 
physical characteristics of the porous region 44 
(that is, its electrical and thermal 
conductivities, resistivities, and size); the 
percentage of contact between the tissue and the 
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porous region 44; the localized temperature Tl of 
the thermal mass of the region 44; the magnitude 
of RF power (P) transmitted by the interior 
electrode 30, and the time (t) the tissue is 
exposed to the RF power. 

For a desired lesion depth D 50c , additional 
considerations of safety constrain the selection 
of an optimal operating condition among the 
operating conditions listed in the matrix. The 
principal safety constraints are the maximum 
tissue temperature TMAX and maximum power level 
PMAX. 

The maximum temperature condition TMAX lies 
within a range of temperatures which are high 
enough to provide deep and wide lesions (typically 
between about 85° C and 95° C) , but which are 
safely below about 100° C, at which tissue 
desiccation or tissue micro-explosions are known 
to occur. It is recognized that TMAX will occur a 
distance below the electrode-tissue interface 
between the interface and D 50c . 

The maximum power level PMAX takes into 
account the physical characteristics of the 
interior electrode 3 0 and the power generation 
capacity of the RF generator 40. 

These relationships can be observed 
empirically and/or by computer modeling under 
controlled real and simulated conditions, as the 
foregoing examples illustrate. The D 50c function 
for a given porous region 44 can be expressed in 
terms of a matrix listing all or some of the 
foregoing values and their relationship derived 
from empirical data and/ or computer modeling. 

The processing element 3 02 includes in memory 
this matrix of operating conditions defining the 
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D 50c temperature boundary function, as described 
above for t = 120 seconds and TMAX = 95° C and for 
an array of other operating conditions. 

The physician also uses the input 300 to 
5 identify the characteristics of the structure 20 , 

using a prescribed identification code; set a 
desired maximum RF power level PMAX; a desired 
time t; and a desired maximum tissue temperature 
TMAX. 

10 Based upon these inputs, the processing 

element 302 compares the desired therapeutic 
result to the function defined in the matrix. The 
generator 42 selects an operating condition to 
achieve the desired therapeutic result without 

15 exceeding the prescribed TMAX by controlling the 

function variables. 

This arrangement thereby permits the 
physician, in effect, to "dial-a-lesion" by 
specifying a desired D 50c . 

20 Further details of deriving the D 50c function 

and its use in obtaining a desired lesion pattern 
are found in copending U.S. Application Serial No. 
08/431,790, filed May 1, 1995, entitled "Systems 
and Methods for Obtaining Desired Lesion 

25 Characteristics While Ablating Body Tissue," which 

is incorporated herein by reference. 

B. Segmented Regions: Duty Cycle Control 
Various RF energy control schemes can also be 
used in conjunction with segmented porous patterns 

30 shown in Fig. 11 (the axially spaced, bull's-eye 

pattern of zones) and Fig. 12 (the 
circumf erentially spaced zones) For the purpose 
of discussion, the porous zones 44 (which will 
also be called electrode regions) will be 

35 symbolically designated E(J), where J represents a 
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given zone 44 ( J = 1 to H) , 

As before described, each electrode region 
E(J) has at least one temperature sensing element 
104, which will be designated S(J,K), where J 
5 represents the zone and K represents the number of 

temperature sensing elements on each zone (K — 1 
to M) . 

In this mode, the generator 4 0 is conditioned 
through an appropriated power switch interface to 
10 deliver RF power in multiple pulses of duty cycle 

1/N. 

With pulsed power delivery, the amount of 
power (P E(J) ) conveyed to each individual electrode 
region E(J) is expressed as follows: 

P E(J) *DUTYCYCLE mJi 



15 where : 

AMP E(J) is the amplitude of the RF voltage 
conveyed to the electrode region E(J) , and 

DUTYCYCLE E(J) is the duty cycle of the pulse, 
expressed as follows: 



DUTYCYCLE ^ = ^ 

E[J) TON„ , , , + TO 



TON E[J) + TOFF E{J) 

2 0 where : 

TON E(J) is the time that the electrode region 
E(J) emits energy during each pulse period, 

TOFF E(J) is the time that the electrode region 
E(J) does not emit energy during each pulse 
25 period. 

The expression TON E(J) + TOFF E(J) represents the 
period of the pulse for each electrode region 
E(J) . 

In this mode, the generator 40 can 



collectively establish duty cycle (DUTYCYCLE C , , J of 
1/N for each electrode region (N being equal to 
the number of electrode regions) . 

The generator 40 may sequence successive 
power pulses to adjacent electrode regions so that 
the end of the duty cycle for the preceding pulse 
overlaps slightly with the beginning of the duty 
cycle for the next pulse- This overlap in pulse 
duty cycles assures that the generator 40 applies 
power continuously, with no periods of 
interruption caused by open circuits during pulse 
switching between successive electrode regions. 

In this mode, the temperature controller 42 
makes individual adjustments to the amplitude of 
the RF voltage for each electrode region (AMP E(J) ) , 
thereby individually changing the power P E(J) of 
ablating energy conveyed during the duty cycle to 
each electrode region, as controlled by the 
generator 40 • 

In this mode, the generator 40 cycles in 
successive data acquisition sample periods. 
During each sample period, the generator 4 0 
selects individual sensors S(J,K) , and temperature 
codes TEMP(J) (highest of S(J,K)) sensed by the 
sensing elements 104, as outputted by the 
controller 42. 

When there is more than one sensing element 
104 associated with a given electrode region (for 
example, when edge-located sensing elements are 
used, the controller 42 registers all sensed 
temperatures for the given electrode region and 
selects among these the highest sensed 
temperature, which constitutes TEMP (J) . 

In this mode, the generator 40 compares the 
temperature TEMP (J) locally sensed at each 
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electrode E(J) during each data acquisition period 
to a set point temperature TEMP SET established by 
the physician. Based upon this comparison, the 
generator 40 varies the amplitude AMP E(J) of the RF 
5 voltage delivered to the electrode region E(J), 

while maintaining the DUTYCYCLE E(J) for that 
electrode region and all other electrode regions, 
to establish and maintain TEMP (J) at the set point 
temperature TEMP SEJ . 

10 The set point temperature TEMP SET can vary 

according to the judgment of the physician and 
empirical data. A representative set point 
temperature for cardiac ablation is believed to 
lie in the range of 40°C to 95° C, with 70° C 

15 being a representative preferred value. 

The manner in which the generator 4 0 governs 
AMP E(J) can incorporate proportional control 
methods, proportional integral derivative (PID) 
control methods, or fuzzy logic control methods. 

20 For example, using proportional control 

methods, if the temperature sensed by the first 
sensing element TEMP(l) > TEMP SET , the control 
signal generated by the generator 30 individually 
reduces the amplitude AMP E{1) of the RF voltage 

25 applied to the first electrode region E(l), while 

keeping the duty cycle DUTYCYCLE E(1) for the first 
electrode region E(l) the same. If the temperature 
sensed by the second sensing element TEMP (2) < 
TEMP SET/ the control signal of the generator 3 0 

30 increases the amplitude AMP E(2) of the pulse applied 

to the second electrode region E(2) , while 
keeping the duty cycle DUTYCYCLE E(2) for the 
second electrode region E(2) the same as DUTYCYCLE 
E(1) , and so on. If the temperature sensed by a 

35 given sensing element is at the set point 
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temperature TEMP SET , no change in RF voltage 
amplitude is made for the associated electrode 
region. 

The generator 40 continuously processes 
voltage difference inputs during successive data 
acquisition periods to individually adjust AMP c/ „ 

E( J) 

at each electrode region E(J) , while keeping the 
collective duty cycle the same for all electrode 
regions E(J). In this way, the mode maintains a 
desired uniformity of temperature along the length 
of the ablating element. 

Using a proportional integral differential 
(PID) control technique, the generator takes into 
account not only instantaneous changes that occur 
in a given sample period, but also changes that 
have occurred in previous sample periods and the 
rate at which these changes are varying over time. 
Thus, using a PID control technique, the generator 
will respond differently to a given proportionally 
large instantaneous difference between TEMP (J) 
and TEMP SET , depending upon whether the difference 
is getting larger or smaller, compared to previous 
instantaneous differences, and whether the rate at 
which the difference is changing since previous 
sample periods is increasing or decreasing. 

Further details of individual 
amplitude/collective duty cycle control for 
segmented electrode regions based upon temperature 
sensing are found in copending U.S. Application 
Serial No. 08/439,824, filed May 12, 1995 and 
entitled "Systems and Methods for Controlling 
Tissue Ablation Using Multiple Temperature Sensing 
Elements," which is incorporated herein by 
reference. 

C. Segmented Regions: Differential 
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Temperature Disabling 

In this control mode, the controller 4 2 
selects at the end of each data acquisition phase 
the sensed temperature that is the greatest for 
5 that phase (TEMP^^) . The controller 42 also 

selects for that phase the sensed temperature that 
is the lowest (TEMP SH[N ) . 

The generator compares the selected hottest 
sensed temperature TEMP $MAX to a selected high set 

10 point temperature TEMP KISET . The comparison 

generates a control signal that collectively 
adjusts the amplitude of the RF voltage for all 
electrode regions using proportional, PID, or 
fuzzy logic control techniques. 

15 In a proportion control implementation 

scheme : 

(i) If TEMP SHAX > TEMP HISET , the control 
signal collectively decreases the 
amplitude of the RF voltage 

2 0 delivered to all regions; 

(ii) If TEMP SMAX < TEMP HISET , the control 
signal collectively increases the 
amplitude of the RF voltage 
delivered to all regions: 
25 (iii) If TEMP SHAX = TEMP HISET , no change in 

the amplitude of the RF voltage 
delivered to all regions. 
It should be appreciated that the generator 
can select for amplitude control purposes any one 

3 0 of the sensed temperatures TEMP SMAX# TEMP SMIN , or 

temperatures in between, and compare this 
temperature condition to a preselected temperature 
condition. 

The generator governs the delivery of power to 
35 the regions based upon difference between a given 
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local temperature TEMP (J) and TEMP SMIM . This 
implementation computes the difference between 
local sensed temperature TEMP (J) and TEMP^^ and 
compares this difference to a selected set point 
5 temperature difference ATEMP SET . The comparison 

generates a control signal that governs the 
delivery of power to the electrode regions. 

If the local sensed temperature TEMP (J) for a 
given electrode region E(J) exceeds the lowest 

10 sensed temperature TEMP SMJN by as much as or more 

than ATEMP SET (that is, if TEMP (J) - TEMP SM!N > 
ATEMP SET ) , the generator turns the given region 
E(J) off. The generator turns the given region 
E(J) back on when TEMP (J) - TEMP^^ < ATEMP SET . 

15 Alternatively, instead of comparing TEMP (J) 

and TEMP smN , the generator can compare TEMP SMAX and 
TEMP SMIM . When the difference between TEMP SMAX and 
TEMP SMIM equals or exceeds a predetermined amount 
ATEMP SET , the generator turns all regions off, 

20 except the region where TEMP SMIN exists. The 

generator 3 0 turns these regions back on when the 
temperature difference between TEMP SMAX and TEMP SHIN 
is less than ATEMP SET . 

Further details of the use of differential 

25 temperature disabling are found in copending U.S. 

Patent Application Serial No. 08/286,930, filed 
August 8, 1994, and entitled "Systems and Methods 
for Controlling Tissue Ablation Using Multiple 
Temperature Sensing Elements," which is 

3 0 incorporated herein by reference. 

D. PXD Control 

With porous electrode structures, the minimal 
effects of convective cooling by the blood pool 
enables the use of actual sensed temperature 
35 conditions as maximum tissue temperature TMAX , 
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instead of predicted temperatures. Because of 
this, such structures also lend themselves to the 
use of a proportional integral differential (PID) 
control technique. An illustrative PID control 
5 techniques usable in association with these 

electrode structures are disclosed in copending 
U.S. Patent Application Serial No. 08/266, 023, 
filed June 27, 1994, entitled "Tissue Heating and 
Ablation Systems and Methods Using Time-Variable 
10 Set Point Temperature Curves for Monitoring and 

Control . " 

Finally, it should be appreciated that 
interior electrodes 30 located within porous 
expandable-collapsible bodies can be used for 

15 mapping myocardial tissue within the heart. In 

this use, the interior electrodes sense electrical 
activity in the heart, which can take the form, 
for example, of electrical potentials or tissue 
resistivity. The sensed electrical activity is 

20 conveyed to an external controller, which 

processes the sensed activities for analysis by 
the physician. 

It should further be appreciated that interior 
electrodes 30 located within porous expandable- 

25 collapsible bodies can be used alternatively, or 

in combination with sensing electrical activities, 
to convey pacing signals. In this way, the 
interior electrodes 3 0 can carry out pace mapping 
or entrainment mapping. 

30 Various features of the invention are set 

forth in the following claims. 
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CLAIMS 

We Claim: 

1. A porous electrode assembly 
comprising 

a wall surrounding an interior area, 

a lumen capable of conveying a medium 
into an internal area, the area capable of holding 
a medium containing ions, 

an element coupling the medium within the 
interior area to a source of electrical energy, 
and 

at least a portion of the wall comprising 
a porous material sized to block passage of 
macromolecules while allowing passage of ions 
contained in the medium in the interior area to 
thereby enable ionic transport of electrical 
energy through the porous material to the exterior 
of the wall. 

2. A porous electrode assembly 
comprising 

a wall surrounding an interior area 
capable of holding a medium containing ions under 
pressure, 

an element coupling the medium to a 
source of electrical energy, and 

at least a portion of the wall comprising 
a porous material sized to pass ions contained in 
the medium without substantial liquid perfusion 
through the porous material, to thereby enable 
ionic transport of electrical energy through the 
porous material to the exterior of the wall. 

3. A porous electrode assembly 
comprising 

a wall surrounding an interior area 
capable of holding medium containing ions under 
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5 pressure, 

an element capable of coupling the medium 
to a source of electrical energy, and 

at least a portion of the wall comprising 
a porous material sized to pass ions contained in 
10 the medium to thereby enable ionic transport of 

electrical energy through the porous material to 
the exterior of the wall, the porous material 
having a bubble point value greater than the 
pressure in the interior area, 

4. A porous electrode assembly 
comprising 

a wall surrounding an interior area 
capable of holding medium containing ions under 
5 pressure , 

an element coupling the medium to a 
source of electrical energy, and 

at least a portion of the wall comprising 
a hydrophilic porous material sized to pass ions 
10 contained in the medium to thereby enable ionic 

transport of electrical energy through the porous 
material to the exterior of the wall, the porous 
material having a bubble point value greater than 
the pressure within the interior area, whereby 
.5 ionic transport occurs substantially free of 

liquid perfusion through the porous material. 
_ 5* A porous electrode assembly 

according to claim 1 or 2 or 3 or 4 

wherein the porous material comprises an 
ultrafiltration membrane. 

6. A porous electrode assembly 
according to claim 1 or 2 or 3 or 4 

wherein the element comprises an 
electrically conductive electrode in the interior 
5 area of the wall. 
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7. An assembly according to claim 6 
wherein the electrically conductive 

electrode comprises a nobel metal. 

8. An assembly according to claim 6 
wherein the electrically conductive 

electrode includes a material selected from the 
group consisting essentially of gold, platinum, 
platinum/ iridium, or combinations thereof. 

9. An assembly according to claim 1 or 
2 or 3 or 4 

wherein the medium comprises a hypertonic 

solution. 

10. An assembly according to claim 9 
wherein the hypertonic solution includes 

sodium chloride. 

11. An assembly according to claim 10 
wherein the sodium chloride is present in 

a concentration at or near saturation. 

12. An assembly according to claim 10 
wherein the sodium chloride is present in 

a concentration of up to about 9% weight by 
volume. 

13. An assembly according to claim 9 
wherein the hypertonic solution includes 

potassium chloride. 

14. An assembly according to claim 1 or 
2 or 3 or 4 

wherein the medium has a resistivity 
lower than about 150 ohm* cm. 

15. An assembly according to claim 1 or 
2 or 3 or 4 

wherein the medium has a resistivity 
lower than about 10 ohm* cm. 

16. An assembly according to claim l or 
2 or 3 or 4 
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wherein the medium has a resistivity of 
about 5 ohm • cm . 

17. An assembly according to claim 1 or 
2 or 3 or 4 

wherein the medium carries a radiopaque 
substance . 

18. An assembly according to claim 1 or 
2 or 3 or 4 

wherein the porous material has an 
electrical resistivity of at least about 500 
ohm • cm • 

19. An assembly according to claim 1 or 
2 or 3 or 4 

wherein the porous material has an 
electrical resistivity less than about 500 
ohm • cm . 

20. An assembly according to claim 1 or 
2 or 3 or 4 

wherein at least a portion of the wall 
includes an electrically conductive material. 

21. An assembly according to claim 20 
wherein the electrically conductive 

material of the wall is porous. 

22. An assembly according to claim 20 
wherein the electrically conductive 

material of the wall is nonporous. 

23. An assembly according to claim 20 
wherein the electrically conductive 

material comprises a coating deposited on the 
wall. 

24. An assembly according to claim 20 
wherein the electrically conductive 

material comprises foil affixed to the wall. 

25. An assembly according to claim 2 0 
wherein the electrically conductive 
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material is located in the wall. 

26. An assembly according to claim 20 
wherein the electrically conductive 

material comprises noninsulated signal wire 
exposed on the exterior of the wall. 

27. An electrode assembly according to 

claim 2 0 

wherein at least a portion the wall is 
free of electrically conductive material. 

28. An electrode assembly according to 
claim l or 2 or 3 or 4 

wherein at least a portion the wall is 
free of electrically conductive material. 

29. An assembly according to claim 1 or 
2 or 3 or 4 

and further including members assembled 
within the interior area to form a support 
5 structure underlying the wall. 

30. An assembly according to claim 2 9 
wherein the solid support members are 

made from metal material. 

31. An assembly according to claim 3 0 
wherein the metal material includes 

nickel titanium. 

32. An assembly according to claim 30 
wherein the metal material includes 

stainless steel. 

33. An assembly according to claim 29 
wherein the solid support members are 

made from plastic material. 

34. An assembly according to claim 29 
wherein the solid support members 

comprise elongated spline elements assembled in a 
circumferentially spaced relationship. 

35. An assembly according to claim 29 
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wherein the solid support members 
comprise a porous foam structure. 

36. An assembly according to claim l or 
2 or 3 or 4 

wherein the wall includes a distal region 
and a proximal region, and 

wherein the porous material occupies more 
of the distal region than the proximal region. 

37. An assembly according to claim 3 6 
wherein at least l/3rd of the proximal 

5 region is free of porous material. 

38. An assembly according to claim 36 
wherein the porous material occupies at 

least l/3rd of the distal region. 

39. An assembly according to claim 1 or 
2 or 3 or 4 

and further including a radiopaque 
material carried by the assembly. 

40. A system for heating body tissue 
comprising 

a catheter tube having a distal end, 
a return electrode, 
5 a fluid source of a medium containing 

ions, 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through tissue, the electrode comprising 

10 a wall having an exterior peripherally surrounding 

an interior area, a lumen to convey the medium 
containing ions from the fluid source into the 
interior area, an electrically conductive element 
in the interior area, 

15 means for coupling the electrically 

conductive element to a source of energy to 
transmit the energy, and 
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at least a portion of the wall 
comprising a porous material sized to block 
0 passage of macromolecules while allowing passage 

of ions contained in the medium, thereby 
establishing ionic transport of electrical energy 
from the electrically conductive element through 
the medium to the exterior of the wall for 
5 transmission to the return electrode to heat 

tissue located between the return electrode and 
the electrode. 

41. A system for ablating body tissue 
comprising 

a catheter tube having a distal end, 
a return electrode, 

a fluid source of a medium containing 

ions, 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through tissue, the electrode comprising 
a wall surrounding an interior area, a lumen to 
convey the medium containing ions from the fluid 
source into the interior area, an electrically 
conductive element in the interior area, 

means for coupling the electrically 
conductive element to a source of energy to 
transmit the energy, and 

at least a portion of the wall 
comprising a porous material sized to block 
passage of macromolecules while allowing passage 
of ions contained in the medium, thereby 
establishing ionic transport of electrical energy 
from the electrically conductive element through 
the medium to the exterior of the wall for 
transmission to the return electrode to ablate 
tissue located between the return electrode and 
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the electrode. 

42. A system for ablating heart tissue 
comprising 

a catheter tube having a distal end for 
deployment in a heart chamber, 
5 a return electrode, 

a fluid source of a medium containing 

ions, 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 

10 electrode through heart tissue, the electrode 

comprising a wall having an exterior peripherally 
surrounding an interior area, a lumen to convey 
the medium containing ions from the fluid source 
into the interior area, an electrically conductive 

15 element in the interior area, 

means for coupling the electrically 
conductive element to a source of energy to 
transmit the energy, and 

at least a portion of the wall 

2 0 comprising a porous material sized to block 

passage of macromolecules while allowing passage 
of ions contained in the medium, thereby 
establishing ionic transport of electrical energy 
from the electrically conductive element through 

25 the medium to the exterior of the wall for 

transmission to the return electrode to ablate 
heart tissue located between the return electrode 
and the electrode. 

43. A system for heating body tissue 
comprising 

a catheter tube having a distal end, 

a return electrode, 
5 a fluid source of a medium containing 

ions, 



WO 97/45156 



PCT/US97/01177 



- 77 - 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through tissue, the electrode comprising 
a wall having an exterior peripherally surrounding 
an interior area, a lumen to convey the medium 
containing ions from the fluid source into the 
interior area, an electrically conductive element 
in the interior area, 

means for coupling the electrically 
conductive element to a source of energy to 
transmit the energy, and 

at least a portion of the wall comprising 
a porous material sized to pass ions contained in 
the medium without substantial liquid perfusion 
through the porous material, thereby establishing 
ionic transport of electrical energy from the 
electrically conductive element through the medium 
to the exterior of the wall for transmission to 
the return electrode to heat tissue located 
between the return electrode and the electrode. 

44. A system for ablating body tissue 
comprising 

a catheter tube having a distal end, 
a return electrode, 

a fluid source of a medium containing 

ions, 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through tissue, the electrode comprising 
a wall having an exterior peripherally surrounding 
an interior area, a lumen to convey the medium 
containing ions from the fluid source into the 
interior area, an electrically conductive element 
in the interior area, 

means for coupling the electrically 
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conductive element to a source of energy to 
transmit the energy , and 

at least a portion of the wall comprising 
a porous material sized to pass ions contained in 
the medium without substantial liquid perfusion 
through the porous material, thereby establishing 
ionic transport of electrical energy from the 
electrically conductive element through the medium 
to the exterior of the wall for transmission to 
the return electrode to ablate tissue located 
between the return electrode and the electrode. 

45. A system for ablating heart tissue 
comprising 

a catheter tube having a distal end for 
deployment in a heart chamber, 

a return electrode, 

a fluid source of a medium containing 

ions, 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through heart tissue, the electrode 
comprising a wall having an exterior peripherally 
surrounding an interior area, a lumen to convey 
the medium containing ions from the fluid source 
into the interior area, an electrically conductive 
element in the interior area, 

means for coupling the electrically 
conductive element to a source of energy to 
transmit the energy, and 

at least a portion of the wall comprising 
a porous material sized to pass ions contained in 
the medium without substantial liquid perfusion 
through the porous material, thereby establishing 
ionic transport of electrical energy from the 
electrically conductive element through the medium 
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to the exterior of the wall for transmission to 
the return electrode to ablate heart tissue 
located between the return electrode and the 
electrode, 

46. A system for heating body tissue 
comprising 

a catheter tube having a distal end, 

a return electrode, 

a fluid source of a medium containing 

ions , 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through tissue, the electrode comprising 
a wall having an exterior peripherally surrounding 
an interior area, a lumen to convey the medium 
containing ions from the fluid source into the 
interior area subject to internal pressure, an 
electrically conductive element in the interior 
area, 

means for coupling the electrically 
conductive element to a source of energy to 
transmit the energy, and 

at least a portion of the wall 
comprising a porous material sized to pass ions 
contained in the medium, thereby establishing 
ionic transport of electrical energy from the 
electrically conductive element through the medium 
to the exterior of the wall for transmission to 
the return electrode to heat tissue located 
between the return electrode and the electrode, 
the porous material having a bubble point value 
greater than the internal pressure. 

47. A system for ablating body tissue 
comprising 

a catheter tube having a distal end, 
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a return electrode, 

a fluid source of a medium containing 

ions, 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through tissue, the electrode comprising 
a wall having an exterior peripherally surrounding 
an interior area, a lumen to convey the medium 
containing ions from the fluid source into the 
interior area subject to an internal pressure, an 
electrically conductive element in the interior 
area, 

means for coupling the electrically 
conductive element to a source of energy to 
transmit the energy, and 

at least a portion of the wall 
comprising a porous material sized to pass ions 
contained in the medium, thereby establishing 
ionic transport of electrical energy from the 
electrically conductive element through the medium 
to the exterior of the wall for transmission to 
the return electrode to ablate tissue located 
between the return electrode and the electrode, 
the porous material having a bubble point value 
greater than the internal pressure. 

48. A system for ablating heart tissue 
comprising 

a catheter tube having a distal end for 
deployment in a heart chamber, 
a return electrode, 

a fluid source of a medium containing 

ions, 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through heart tissue, the electrode 
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comprising a wall having an exterior peripherally 
surrounding an interior area, a lumen to convey 
the medium containing ions from the fluid source 
into the interior area subject to an internal 
pressure, an electrically conductive element in 
the interior area, 

means for coupling the electrically 
conductive element to a source of energy to 
transmit the energy, and 

at least a portion of the wall 
comprising a porous material sized to pass ions 
contained in the medium, thereby establishing 
ionic transport of electrical energy from the 
electrically conductive element through the medium 
to the exterior of the wall for transmission to 
the return electrode to ablate heart tissue 
located between the return electrode and the 
electrode, the porous material having a bubble 
point value greater than the internal pressure. 

49. A system according to claim 4 0 or 41 
or 42 or 43 or 44 or 45 or 46 or 47 or 48 

wherein the medium comprises a hypertonic 

solution* 

50. A system according to claim 49 
wherein the hypertonic solution includes 

sodium chloride. 

51. A system according to claim 50 
wherein the sodium chloride is present in 

a concentration at or near saturation. 

52. A system according to claim 50 
wherein the sodium chloride is present in 

a concentration of up to about 9% weight by 
volume. 

53. A system according to claim 4 9 
wherein the hypertonic solution includes 
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potassium chloride. 

54 . A system according to claim 4 0 or 41 
or 42 or 43 or 44 or 45 or 46 or 47 or 48 

wherein the medium has a resistivity 
lower than about 150 ohm* cm. 

55. A system according to claim 54 
wherein the medium has a resistivity 

lower than about 10 ohm •cm. 

56. A system according to claim 54 
wherein the medium has a resistivity of 

about 5 ohm • cm • 

57. A system according to claim 40 or 41 
or 42 or 43 or 44 or 45 or 46 or 47 or 48 

wherein the porous material has an 
electrical resistivity of at least about 500 
ohm * cm • 

58. A system according to claim 40 or 41 
or 42 or 43 or 44 or 45 or 46 or 47 or 48 

wherein the porous material has an 
electrical resistivity of less than about 500 
ohm • cm • 

59. A system according to claim 4 0 or 41 
or 42 or 43 or 44 or 45 or 46 or 47 or 48 

wherein at least a portion of the wall 
includes an electrically conductive material. 

60. A system according to claim 59 
wherein the electrically conductive 

material of the wall is porous. 

61. A system according to claim 59 
wherein the electrically conductive 

material of the wall is nonporous. 

62. A system according to claim 59 
wherein at least a portion the wall is 

free of electrically conductive material. 

63. A system according to claim 40 or 41 
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or 42 or 43 or 44 or 45 or 46 or 47 or 48 

wherein at least a portion the wall is 
free of electrically conductive material. 

64. A system according to claim 4 0 or 41 
or 42 or 43 or 44 or 45 or 46 or 47 or 48 

wherein the wall includes a distal region 
and a proximal region, and 

wherein the ultraporous material occupies 
more of the distal region than the proximal 
region. 

65. A system according to claim 64 
wherein at least l/3rd of the proximal 

region is free of porous material. 

66. A system according to claim 64 
wherein the ultraporous material occupies 

at least l/3rd of the distal region. 

67. A system according to claim 40 or 41 
or 42 or 43 or 44 or 45 or 46 or 47 or 48 

and further including a radiopaque 
material carried by the electrode. 

68. A system according to claim 40 or 41 
or 42 or 43 or 44 or 45 or 46 or 47 or 48 

and further including a controller 
including means for specifying an electrical 
resistivity for the porous material based, at 
least in part, upon a desired physiological 
effect. 

69. A system according to claim 41 or 42 
or 44 or 45 or 47 or 48 

and further including a controller 
including means for specifying a first electrical 
resistivity for the porous material to achieve a 
first tissue lesion characteristic and specifying 
a second electrical resistivity for the porous 
material different than the first electrical 
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resistivity to achieve a second tissue lesion 
characteristic different than the first lesion 
characteristic. 

70. A system according to claim 4 2 or 45 

or 48 

and further including a controller for 
specifying a first electrical resistivity for the 
porous material to achieve a deep tissue lesion 
geometry and specifying a second electrical 
resistivity for the porous material greater than 
the first electrical resistivity to achieve a 
shallow tissue lesion geometry. 

71. A system according to claim 40 or 41 
or 42 or 43 or 44 or 45 or 46 or 47 or 48 

and further including a temperature 
sensing element carried by the electrode, 

and further including a controller 
including means for specifying transmission of 
energy to the medium based, at least in part, upon 
temperature sensed by the temperature sensing 
element. 

72. A system according to claim 4 0 or 41 
or 42 or 43 or 44 or 45 or 46 or 47 or 48 

wherein the porous material is 
hydrophilic. 

73. A porous electrode assembly 
comprising 

a structure having a wall comprising a 
distal region and a proximal region, the wall 
surrounding an interior area, the wall adapted to 
selectively assume an expanded geometry having a 
first maximum diameter and a collapsed geometry 
having a second maximum diameter less than the 
first maximum diameter, 

the interior area capable of holding a 
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medium containing ions, 

an element for use with a source of 
electrical energy electrically coupling the medium 
contained within the interior area, and 

the wall including a porous section sized 
to pass ions contained in the medium to thereby 
enable ionic transport of electrical energy from 
the source through the medium and porous section 
to the exterior of the wall, the porous section 
occupying more of the distal region of the wall 
than the proximal region. 

74. A porous electrode assembly 
according to claim 73 

wherein at least l/3rd of the proximal 
region of the wall is free of pores. 

75. A porous electrode assembly 
according to claim 73 

wherein the porous section comprises at 
least first and second porous zones spaced apart 
by a third zone free of pores. 

76. A porous electrode assembly 
according to claim 75 

wherein the structure includes an axis, 

and 

wherein the first and second porous zones 
are circumferential ly spaced apart by the third 
zone about the axis. 

77. A porous electrode assembly 
according to claim 75 

wherein the structure includes an axis, 

and 

wherein the first and second porous zones 
are spaced apart by the third zone along the axis. 

78. A porous electrode assembly 
according to claim 7 3 
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wherein the wall is electrically 
conductive. 

79. A porous electrode assembly 
according to claim 73 

and further including a radiopaque 
element carried by the structure. 

80* A porous electrode assembly 
according to claim 73 

wherein the medium carries a radiopaque 
contrast substance . 

81. A porous electrode assembly 
according to claim 73 

wherein the porous section has an 
electrical resistivity of at least about 500 
ohm * cm . 

82. A porous electrode assembly 
according to claim 73 

wherein the porous section has an 
electrical resistivity of less than about 500 
ohm • cm • 

83. A porous electrode assembly 
according to claim 7 3 

wherein the medium comprises a hypertonic 

solution. 

84. A porous electrode assembly 
according to claim 83 

wherein the hypertonic solution includes 
sodium chloride. 

85. A porous electrode assembly 
according to claim 84 

wherein the sodium chloride is present in 
a concentration at or near saturation. 

86. A porous electrode assembly 
according to claim 84 

wherein the sodium chloride is present in 
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a concentration of up to about 9% weight by 
5 volume. 

87. A porous electrode assembly 
according to claim 84 

wherein the hypertonic solution includes 
potassium chloride. 

88. A porous electrode assembly 
according to claim 73 

wherein at least l/3rd of the proximal 
region of the wall is free of pores. 

89. A porous electrode assembly 
according to claim 73 

wherein the element comprises an 
electrically conductive electrode carried within 
5 the interior area adapted to transmit electrical 

energy . 

90. A porous electrode assembly 
according to claim 89 

wherein the electrically conductive 
electrode comprises a nobel metal. 

91. A porous electrode assembly 
according to claim 89 

wherein the electrically conductive 
electrode includes a material selected from the 
5 group consisting essentially of gold, platinum, 

platinum/ iridium, or combinations thereof. 

92. A porous electrode assembly 
according to claim 73 

wherein the porous section is 
hydrophilic. 

93. A porous electrode assembly 
according to claim 92 

wherein the medium occupies the interior 
area subject to interior pressure, 

wherein the porous section has a bubble 
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wherein the bubble point value exceeds 
the interior pressure. 

94 A porous electrode assembly 
according to claim 7 3 

wherein the porous section is 
hydrophobic. 

95. A porous electrode assembly 
according to claim 94 

wherein the medium occupies the interior 
area subject to interior pressure, 

wherein the porous section has a bubble 
point value, and 

wherein the bubble point value is equal 
to or less than the interior pressure. 

96. A porous electrode assembly 
according to claim 73 

wherein the medium occupies the interior 
area subject to interior pressure, 

wherein the porous section has a bubble 
point value, and 

wherein the bubble point value exceeds 
the interior pressure. 

97. A porous electrode assembly 
according to claim 7 3 

wherein the medium occupies the interior 
area subject to interior pressure, 

wherein the porous section has a bubble 
point value, and 

wherein the bubble point value is equal 
to or less than the interior pressure* 

98. A porous electrode assembly 
according to claim 73 

wherein the porous section includes a 
hydrophilic coating. 
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99. A porous electrode assembly 
according to claim 73 

wherein the wall is hydrophobic, and 
wherein the porous section includes a 
5 hydrophilic coating, 

100. A porous electrode assembly 
according to claim 73 

wherein the porous section comprises an 
ultraporous material. 

101. A porous electrode assembly 
according to claim 73 

wherein the porous section comprises a 
microporous material. 

102. A system for heating body tissue 
comprising 

a catheter tube having a distal end, 
a return electrode, 

a fluid source of a medium containing 

ions, 

a porous electrode on the distal end of 
the catheter tube electrically coupled to the 
return electrode through tissue, the porous 
electrode comprising a wall comprising a distal 
region and a proximal region, the wall surrounding 
an interior area, the wall adapted to selectively 
assume an expanded geometry having a first maximum 
diameter and a collapsed geometry having a second 
maximum diameter less than the first maximum 
diameter, and a lumen communicating with the 
interior area and the fluid source to convey into 
the interior area the medium containing ions, the 
wall including a porous section sized to pass ions 
contained in the medium, the porous section 
occupying more of the distal region of the wall 
than the proximal region, and 
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means for coupling the medium within the 
interior area to a source of electrical energy, 
thereby establishing ionic transport of electrical 
energy from the electrically conductive element 
through the medium to the exterior of the wall for 
transmission to the return electrode to heat 
tissue located between the return electrode and 
the porous electrode. 

103. A system for ablating body tissue 
comprising 

a catheter tube having a distal end, 

a return electrode, 

a fluid source of a medium containing 

ions, 

a porous electrode on the distal end of 
the catheter tube electrically coupled to the 
return electrode through tissue, the porous 
electrode comprising a wall comprising a distal 
region and a proximal region, the wall having an 
exterior peripherally surrounding an interior 
area, the wall adapted to selectively assume an 
expanded geometry having a first maximum diameter 
and a collapsed geometry having a second maximum 
diameter less than the first maximum diameter, and 
a lumen communicating with the interior area and 
the fluid source to convey into the interior area 
the medium containing ions, the wall including a 
porous section sized to pass ions contained in the 
medium, the porous section occupying more of the 
distal region of the wall than the proximal 
region, and 

means for coupling the medium within the 
interior area to a source of electrical energy, 
thereby establishing ionic transport of electrical 
energy from the electrically conductive element 
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through the medium to the exterior of the wall for 
transmission to the return electrode to ablate 
tissue located between the return electrode and 
the porous electrode. 

104. A system for ablating heart tissue 
comprising 

a catheter tube having a distal end for 
deployment in a heart chamber , 

a return electrode, 

a fluid source of a medium containing 

ions , 

a porous electrode on the distal end of 
the catheter tube electrically coupled to the 
return electrode through heart tissue, the porous 
electrode comprising a wall comprising a distal 
region and a proximal region, the wall having an 
exterior peripherally surrounding an interior 
area, the wall adapted to selectively assume an 
expanded geometry having a first maximum diameter 
and a collapsed geometry having a second maximum 
diameter less than the first maximum diameter, and 
a lumen communicating with the interior area and 
the fluid source to convey into the interior area 
the medium containing ions, the wall including a 
porous section sized to pass ions contained in the 
medium, the porous section occupying more of the 
distal region of the wall than the proximal 
region, and 

means for coupling the medium within the 
interior area to a source of electrical energy, 
thereby establishing ionic transport of electrical 
energy from the electrically conductive element 
through the medium to the exterior of the wall for 
transmission to the return electrode to ablate 
heart tissue located between the return electrode 
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and the porous electrode. 

105. A system according to claim 93 or 94 

or 95 

wherein at least l/3rd of the proximal 
region of the wall is free of pores. 

106. A system according to claim 102 or 
103 or 104 

wherein the porous section comprises at 
least first and second porous zones spaced apart 
5 by a third zone free of pores. 

107. A system according to claim 106 
wherein the structure includes an axis, 

and 

wherein the first and second porous zones 
5 are circumf erentially spaced apart by the third 

zone about the axis. 

108. A system according to claim 106 
wherein the structure includes an axis, 

and 

wherein the first and second porous zones 
5 are spaced apart by the third zone along the axis. 

109 . A system according to claim 102 or 
103 or 104 

wherein the wall is electrically 
conductive. 

110. A system according to claim 102 or 
103 or 104 

and further including a radiopaque 
element carried by the structure. 

111. A system according to claim 102 or 
103 or 104 

wherein the medium carries a radiopaque 
contrast substance* 

112. A system according to claim 102 or 
103 or 104 
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wherein the porous section has an 
electrical resistivity of at least about 500 
ohm • cm . 

113. A system according to claim 102 or 
103 or 104 

wherein the porous section has an 
electrical resistivity of less than about 500 
ohm • cm . 

114. A system according to claim 102 or 
103 or 104 

wherein the medium comprises a hypertonic 

solution. 

115. A system according to claim 114 
wherein the hypertonic solution includes 

sodium chloride. 

116. A system according to claim 115 
wherein the sodium chloride is present in 

a concentration at or near saturation. 

117. A system according to claim 115 
wherein the sodium chloride is present in 

a concentration of up to about 9% weight by 
volume. 

118 . A system according to claim 102 or 
103 or 104 

wherein the hypertonic solution includes 
potassium chloride. 

119. A system according to claim 102 or 
103 or 104 

wherein the medium has a resistivity 
lower than about 150 ohm -cm. 

120. A system according to claim 119 
wherein the medium has a resistivity 

lower than about 10 ohm* cm. 

121. A system according to claim 119 
wherein the medium has a resistivity 
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122. A system according to claim 102 or 
103 or 104 

wherein the medium includes a material 
whose presence increases viscosity of the medium. 

123. A system according to claim 102 or 
103 or 104 

wherein the medium includes at least one 
ionic material whose presence increases viscosity 
of the medium. 

124. A system according to claim 113 
wherein the at least one ionic material 

comprises a radiopaque substance. 

125. A system according to claim 102 or 
103 or 104 

wherein the medium includes a nonionic 
material whose presence increases viscosity of the 
medium. 

126. A system according to claim 125 
wherein the nonionic material includes 

glycerol. 

127. A system according to claim 125 
wherein the nonionic material includes 

mannitol. 

128. A system according to claim 102 or 
103 or 104 

wherein the porous section comprises an 
ultraporous material* 

129. A system according to claim 102 or 
103 or 104 

wherein the porous section comprises a 
microporous material. 

130. A system according to claim 102 or 
103 or 104 

and further including a controller 
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including means for specifying ionic transport 
through the porous section at a desired rate 
based, at least in part, upon a desired 
physiological effect . 

131 . A system according to claim 13 0 
wherein the controller includes means for 

specifying a pressure difference across the porous 
section to achieve a desired rate of liquid 
perfusion based, at least in part, upon the 
desired physiological effect. 

132. A system according to claim 13 0 
wherein the controller includes means for 

specifying constituting the medium to have a 
desired viscosity based, at least in part, upon 
the desired physiological effect. 

133. A system according to claim 102 or 
103 or 104 

and further including a controller 
including means for specifying an electrical 
resistivity for the porous section based, at least 
in part, upon a desired physiological effect. 

134. A system according to claim 103 or 

104 

and further including a controller 
including means for specifying a first electrical 
resistivity for the porous section to achieve a 
first tissue lesion characteristic and specifying 
a second electrical resistivity for the porous 
section different than the first electrical 
resistivity to achieve a second tissue lesion 
characteristic different than the first lesion 
characteristic . 

135. A system according to claim 103 or 

104 

and further including a controller for 
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specifying a first electrical resistivity for the 
porous section to achieve a deep tissue lesion 
geometry and specifying a second electrical 
resistivity for the porous section greater than 
the first electrical resistivity to achieve a 
shallow tissue lesion geometry. 

136. A system according to claim 102 or 
103 or 104 

and further including a temperature 
sensing element carried by the electrode, 

and further including a controller 
including means for specifying delivery of 
electrical energy to the medium based, at least in 
part, upon temperature sensed by the temperature 
sensing element. 

137. A system according to claim 102 or 
103 or 104 

wherein the porous section is 
hydrophilic. 

138. A system according to claim 137 
wherein the medium occupies the interior 

area subject to interior pressure, 

wherein the porous section has a bubble 
point value, and 

wherein the bubble point value exceeds 
the interior pressure. 

139. A system according to claim 102 or 
103 or 104 

wherein the porous section is 
hydrophobic . 

140. A system according to claim 139 
wherein the medium occupies the interior 

area subject to interior pressure, 

wherein the porous section has a bubble 
point value, and 
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wherein the bubble point value is equal 
to or less than the interior pressure, 

141. A system according to claim 102 or 
103 or 104 

wherein the medium occupies the interior 
area subject to interior pressure, 

wherein the porous section has a bubble 
point value, and 

wherein the bubble point value exceeds 
the interior pressure . 

142. A system according to claim 102 or 
103 or 104 

wherein the medium occupies the interior 
area subject to interior pressure, 

wherein the porous section has a bubble 
point value, and 

wherein the bubble point value is equal 
to or less than the interior pressure. 

143. A system according to claim 102 or 
103 or 104 

wherein the porous section includes a 
hydrophilic coating. 

144. A system according to claim 102 or 
103 or 104 

wherein the wall is hydrophobic, and 
wherein the porous section includes a 
hydrophilic coating. 

145. A system according to claim 102 or 
103 or 104 

wherein the porous section comprises an 
ultraporous material. 

146. A system according to claim 102 or 
103 or 104 

wherein the porous section comprises a 
microporous material. 
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147. A porous electrode assembly 
comprising 

a wall surrounding an interior area, 

a lumen capable of conveying a medium 
into the interior area, the interior area capable 
of holding medium containing ions, 

an element capable of coupling the medium 
within the interior area to a source of electrical 
energy , and 

the wall including at least two spaced 
apart zones each comprising a porous material 
sized to pass ions contained in the medium to 
thereby enable ionic transport of electrical 
energy from the source through the medium and 
porous material to the exterior of the wall. 

148. A porous electrode assembly 
comprising 

a wall surrounding an interior area 
capable of holding a medium containing ions, 

an element capable of coupling the medium 
to a source of electrical energy, and 

the wall including at least two spaced 
apart zones each comprising a porous material 
sized to pass ions contained in the medium to 
thereby enable ionic transport of electrical 
energy from the source through the medium and 
porous material to the exterior of the wall. 

149. A porous electrode assembly 
comprising 

a wall surrounding an interior area, 
a generator of radio frequency energy, 
a fluid source holding a medium 

containing ions, 

a lumen communicating with the interior 

area and the fluid source to convey into the 
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interior area the medium containing ions, 

an element capable of being coupled to 
the generator to establish electrical contact 
between the medium within the interior area and 
the generator, and 

the wall including at least two spaced 
apart zones each comprising a porous material 
sized to pass ions contained in the medium to 
thereby enable ionic transport of radio frequency 
energy from the generator through the medium and 
porous material to the exterior of the wall. 

150* A porous electrode assembly 
comprising 

a wall surrounding an interior area, 
an element capable of coupling the medium 
within the interior area, the area capable of 
holding a medium containing ions to a source of 
electrical energy, 

the wall including at least two spaced 
apart zones each comprising a porous material 
sized to pass ions contained in the medium to 
thereby enable ionic transport of electrical 
energy from the source through the medium and 
porous material to the exterior of the wall, and 

bladders in the interior area aligned in 
operative association with the spaced apart zones 
capable of holding medium in contact with the 
porous material, and 

a lumen communicating with each bladder 
capable of conveying a medium containing ions into 
the respective bladder. 

151. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the at least two zones are spaced 
apart by a third zone comprising a material that 
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blocks passage of ions contained in the medium. 

152. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the wall extends about an axis, 

and 

wherein the first and second zones are 
circumferentially spaced apart about the axis. 

153. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the wall extends about an axis, 

and 

wherein the first and second zones are 
spaced apart along the axis. 

154. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the wall includes a distal region 
and a proximal region, and 

wherein the porous material occupies more 
of the distal region than the proximal region. 

155. An assembly according to claim 154 
wherein at least l/3rd of the proximal 

region is free of porous material. 

156. An assembly according to claim 154 
wherein the porous material occupies at 

least l/3rd of the distal region. 

157. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the wall is adapted to 
selectively assume an expanded geometry having a 
first maximum diameter and a collapsed geometry 
having a second maximum diameter less than the 
first maximum diameter. 

158. An assembly according to claim 157 
and further including at least one 

folding region on the exterior of the wall adapted 
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to fold upon itself along a predefined fold line 
as geometry changes. 

159. An assembly according to claim 157 
wherein the fold line is located 

generally between the two zones. 

160. An assembly according to claim 157 
wherein the folding region is not porous 

to pass ions. 

161. An assembly according to claim 157 
wherein the folding region is essentially 

free of electrically conducting material. 

162. An assembly according to claim 147 
or 148 or 149 or 150 

and further including at least one 
temperature sensing element carried by the wall. 

163. An assembly according to claim 162 
wherein the at least one temperature 

sensing element is located proximate to at least 
one of the zones of porous material. 

164. An assembly according to claim 162 
wherein the at least one temperature 

sensing element is located in at least one of the 
zones of porous material. 

165. An assembly according to claim 162 
wherein the zones of porous material have 

edge boundaries, and 

wherein the at least one temperature 
sensing element is located along at least one of 
the edge boundaries . 

166. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the porous material is sized to 
block passage of blood cells while allowing 
passage of ions. 

167. An assembly according to claim 147 
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or 148 or 149 or 150 

wherein the porous material is sized to 
block passage of macromolecules while allowing 
passage of ions, 

168. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the porous material comprises an 
ultrafiltration membrane. 

169. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the porous material comprises a 
microporous membrane. 

170. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the element comprises an 
electrically conductive electrode in the interior 
area of the wall. 

171. An assembly according to claim 170 
wherein the electrically conductive 

electrode comprises a nobel metal. 

172. An assembly according to claim 170 
wherein the electrically conductive 

electrode includes a material selected from the 
group consisting essentially of gold, platinum, 
platinum/ iridium, or combinations thereof. 

173. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the medium comprises a hypertonic 

solution. 

174. An assembly according to claim 173 
wherein the hypertonic solution includes 

sodium chloride. 

175. An assembly according to claim 173 
wherein the sodium chloride is present in 

a concentration at or near saturation. 
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176. An assembly according to claim 173 
wherein the sodium chloride is present in 

a concentration of up to about 9% weight by 
volume. 

177. An assembly according to claim 173 
wherein the hypertonic solution includes 

potassium chloride. 

178. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the medium has a resistivity 
lower than about 15 0 ohm -cm. 

179. An assembly according to claim 178 
wherein the medium has a resistivity 

lower than about 10 ohm* cm. 

180. An assembly according to claim 178 
wherein the medium has a resistivity of 

about 5 ohm • cm • 

181. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the medium includes a material 
whose presence increases viscosity of the medium. 

182. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the medium includes at least one 
ionic material whose presence increases viscosity 
of the medium. 

183. An assembly according to claim 182 
wherein the at least one ionic material 

comprises a radiopaque substance. 

184. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the medium includes a nonionic 
material whose presence increases viscosity of the 
medium. 

185. An assembly according to claim 184 
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wherein the nonionic material includes 



glycerol. 



186, An assembly according to claim 184 
wherein the nonionic material includes 



mannitol . 

187. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the porous material has an 
electrical resistivity of at least about 500 
5 ohm • cm . 

188. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the porous material has an 
electrical resistivity less than about 500 ohm* cm. 

189. An assembly according to claim 147 
or 148 or 149 or 150 

wherein at least a portion of the wall 
includes an electrically conductive material. 



190. An assembly according to claim 189 



material 



wherein the electrically conductive 
of the wall is porous to pass ions. 



191. An assembly according to claim 189 



material 



wherein the electrically conductive 
of the wall is nonporous to ions. 



192. An assembly according to claim 189 



material 



wherein the electrically conductive 
comprises a coating deposited on the 



wall. 



material 



material 



193 • An assembly according to claim 189 
wherein the electrically conductive 
comprises foil affixed to the wall. 

194. An assembly according to claim 189 
wherein the electrically conductive 

is located in the wall. 

195. An assembly according to claim 189 
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wherein the electrically conductive 
material comprises noninsulated signal wire 
exposed on the exterior of the wall. 

196. An electrode assembly according to 

claim 189 

wherein at least a portion the wall is 
free of electrically conductive material. 

197. An electrode assembly according to 
claim 147 or 148 or 149 or 150 

wherein at least a portion the wall is 
free of electrically conductive material. 

198. An assembly according to claim 147 
or 148 or 149 or 150 

and further including members assembled 
within the interior area to form a support 
5 structure underlying the wall. 

199. An assembly according to claim 198 
wherein the solid support members are 

made from metal material. 

200. An assembly according to claim 199 
wherein the metal material includes 

nickel titanium. 

201. An assembly according to claim 199 
wherein the metal material includes 

stainless steel. 

202. An assembly according to claim 198 
wherein the solid support members are 

made from plastic material. 

203. An assembly according to claim 198 
wherein the solid support members 

comprise elongated spline elements assembled in a 
circumf erentially spaced relationship. 

204. An assembly according to claim 198 
wherein the solid support members 

comprise a porous foam structure. 
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or 148 or 149 or 150 

wherein the medium occupies the interior 
area subject to interior pressure, 
5 wherein the porous material has a bubble 

point pressure value, and 

wherein the bubble point pressure value 
is equal to or less than the interior pressure. 

212. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the porous material includes a 
hydrophilic coating. 

213. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the wall is hydrophobic, and 
wherein the porous material includes a 
5 hydrophilic coating. 

214. A system for heating body tissue 
comprising 

a catheter tube having a distal end, 
a return electrode, 

5 a fluid source of a medium containing 

ions, 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through tissue, the electrode comprising 

0 a wall having an exterior peripherally surrounding 

an interior area, a lumen to convey the medium 
containing ions from the fluid source into the 
interior area, an electrically conductive element 
in the interior area, 

5 means for coupling the electrically 

conductive element to a source of energy to 
transmit the energy, 

the wall including at least two spaced 
apart zones each comprising a porous material 
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205. An assembly according to claim 147 
or 148 or 149 or 150 

and further including a radiopaque 
material carried by the assembly. 

206. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the porous material is 
hydrophilic. 

207. An assembly according to claim 206 
wherein the medium occupies the interior 

area subject to interior pressure, 

wherein the porous material has a bubble 
point pressure value, and 

wherein the bubble point pressure value 
exceeds the interior pressure. 

208. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the porous material is 
hydrophobic . 

209. An assembly according to claim 208 
wherein the medium occupies the interior 

area subject to interior pressure, 

wherein the porous material has a bubble 
point pressure value, and 

wherein the bubble point pressure value 
is equal to or less than the interior pressure. 

210. An assembly according to claim 147 
or 148 or 149 or 150 

wherein the medium occupies the interior 
area subject to interior pressure, 

wherein the porous material has a bubble 
point pressure value, and 

wherein the bubble point pressure value 
exceeds the interior pressure. 

211. An assembly according to claim 147 
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0 sized to pass ions contained in the medium to 

thereby enable ionic transport of electrical 
energy from the source through the medium and 
porous material to the exterior of the wall for 
transmission to the return electrode to heat 
5 tissue located between the return electrode and 

the electrode, and 

a controller coupled to fluid source and 
the source of energy to control transport of 
electrical energy by the spaced apart zones 
0 according to preestablished criteria, 

215. A system for ablating body tissue 
comprising 

a catheter tube having a distal end, 
a return electrode, 
5 a fluid source of a medium containing 

ions, 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through tissue, the electrode comprising 
a wall having an exterior peripherally surrounding 
an interior area, a lumen to convey the medium 
containing ions from the fluid source into the 
interior area, an electrically conductive element 
in the interior area, 

means for coupling the electrically 
conductive element to a source of energy to 
transmit the energy, 

the wall including at least two spaced 
apart zones each comprising a porous material 
0 sized to pass ions contained in the medium to 

thereby enable ionic transport of electrical 
energy from the source through the medium and 
porous material to the exterior of the wall for 
transmission to the return electrode to ablate 
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tissue located between the return electrode and 
the electrode, and 

a controller coupled to fluid source and 
the source of energy to control transport of 
electrical energy by the spaced apart zones 
0 according to preestablished criteria. 

216. A system for ablating heart tissue 
comprising 

a catheter tube having a distal end for 
deployment in a heart chamber, 
a return electrode, 

a fluid source of a medium containing 

ions, 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through heart tissue, the electrode 
comprising a wall having an exterior peripherally 
surrounding an interior area, a lumen to convey 
the medium containing ions from the fluid source 
into the interior area, an electrically conductive 
element in the interior area, 

means for coupling the electrically 
conductive element to a source of energy to 
transmit the energy, 

the wall including at least two spaced 
apart zones each comprising a porous material 
sized to pass ions contained in the medium to 
thereby enable ionic transport of electrical 
energy from the source through the medium and 
porous material to the exterior of the wall for 
transmission to the return electrode to ablate 
heart tissue located between the return electrode 
and the electrode, and 

a controller coupled to fluid source and 
the source of energy to control transport of 
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0 electrical energy by the spaced apart zones 

according to preestablished criteria. 

217. A system according to claim 214 or 
215 or 216 

and further including at least one 
temperature sensing element on the wall, and 

wherein the controller includes means for 
controlling the transport of electrical energy by 
the spaced apart zones based at least in part upon 
temperature sensed by the temperature sensing 
element . 

218. A system according to claim 217 
wherein at least one the temperature 

sensing element is located proximal to at least 
one of the zones, 

219. A system according to claim 217 
wherein at least one temperature sensing 

element is located in at least one of the zones. 

220. A system according to claim 217 
wherein the zones of porous material have 

edge boundaries, and 

wherein the at least one temperature 
sensing element is located along at least one of 
the edge boundaries. 

221. A system according to claim 214 or 
215 or 216 

wherein the controller includes means for 
specifying an electrical resistivity for the zones 
based, at least in part, upon a desired 
physiological effect. 

222. A system according to claim 215 or 

216 

wherein the controller includes means for 
specifying a first electrical resistivity for the 
zones to achieve a first tissue lesion 
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characteristic and specifying a second electrical 
resistivity for the zones different than the first 
electrical resistivity to achieve a second tissue 
lesion characteristic different than the first 
10 lesion characteristic. 

223. A system according to claim 215 or 

216 

wherein the controller includes means for 
specifying a first electrical resistivity for the 
5 zones to achieve a deep tissue lesion geometry and 

specifying a second electrical resistivity for the 
zones greater than the first electrical 
resistivity to achieve a shallow tissue lesion 
geometry . 

224. A system according to claim 214 or 
215 or 216 

and further including a radiopaque 
material carried by the electrode. 

225. A system according to claim 214 or 
215 or 216 

wherein the porous material is 
5 hydrophilic. 

226. A system according to claim 225 
wherein the medium occupies the interior 

area subject to interior pressure, 

wherein the porous material has a bubble 
5 point pressure value, and 

wherein the bubble point pressure value 
exceeds the interior pressure. 

227. A system according to claim 214 or 
215 or 216 

wherein the porous material is 
hydrophobic. 

228. A system according to claim 227 
wherein the medium occupies the interior 
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wherein the porous material has a bubble 
point pressure value, and 

wherein the bubble point pressure value 
is equal to or less than the interior pressure. 

229. A system according to claim 214 or 
215 or 216 

wherein the medium occupies the interior 
area subject to interior pressure, 

wherein the porous material has a bubble 
point pressure value, and 

wherein the bubble point pressure value 
exceeds the interior pressure. 

230. A system according to claim 214 or 
215 or 216 

wherein the medium occupies the interior 
area subject to interior pressure, 

wherein the porous material has a bubble 
point pressure value, and 

wherein the bubble point pressure value 
is equal to or less than the interior pressure. 

231. A system according to claim 214 or 
215 or 216 

wherein the porous material includes a 
hydrophilic coating. 

232. A system according to claim 214 or 
215 or 216 

wherein the wall is hydrophobic, and 

wherein the porous material includes a 
hydrophilic coating. 

23 3. A system for ablating body tissue 
comprising 

a porous electrode comprising a wall 
having an interior area, an electrically 
conductive element in the interior area, at least 
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a portion of the wall comprising a porous material 
sized to block passage of blood cells while 
passing ions, 

an electrically conducting element to 
couple the electrically conductive element to a 
source of electrical energy, 

a fluid conducting element to convey a 
fluid medium containing ions into the interior 
area to enable ionic transfer of electrical energy 
from the electrical conducting element through the 
fluid medium and porous material to ablate tissue, 
and 

means for specifying differing electrical 
resistivities for the porous material to achieve 
differing desired tissue ablation effects. 

234. A system for ablating body tissue to 
form lesions comprising 

a porous electrode comprising a wall 
having an interior area, an electrically 
conductive element in the interior area, at least 
a portion of the wall comprising a porous material 
sized to block passage of blood cells while 
passing ions, 

an electrically conducting element to 
couple the electrically conductive element to a 
source of electrical energy, 

a fluid conducting element to convey a 
fluid medium containing ions into the interior 
area to enable ionic transfer of electrical energy 
from the electrical conducting element through the 
fluid medium and porous material to ablate tissue, 
and 

means for specifying a first electrical 
resistivity for the porous material to achieve a 
first tissue lesion characteristic and specifying 
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a second electrical resistivity for the porous 
material different than the first electrical 
resistivity to achieve a second tissue lesion 
characteristic different than the first lesion 
characteristic. 

235- A system for ablating heart tissue 
to form lesions comprising 

a porous electrode comprising a wall 
having an interior area, an electrically 
conductive element in the interior area, at least 
a portion of the wall comprising a porous material 
sized to block passage of blood cells while 
passing ions, 

an electrically conducting element to 
couple the electrically conductive element to a 
source of electrical energy, 

a fluid conducting element to convey a 
fluid medium containing ions into the interior 
area to enable ionic transfer of electrical energy 
from the electrical conducting element through the 
fluid medium and porous material to ablate tissue, 
and 

means for specifying a first electrical 
resistivity for the porous material to achieve a 
deep tissue lesion geometry and specifying a 
second electrical resistivity for the porous 
material greater than the first electrical 
resistivity to achieve a shallow tissue lesion 
geometry . 

236. A system according to claim 233 or 
234 or 235 

and further including a temperature 
sensing element carried by the porous electrode, 

and further including means for 
specifying delivery of electrical energy to the 
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medium based, at least in part, upon temperature 
sensed by the temperature sensing element. 

237. A system according to claim 233 or 
234 or 235 

wherein the porous material comprises a 
microporous membrane. 

238* A system according to claim 233 or 
234 or 235 

wherein the porous material comprises an 
ultrafiltration membrane, 

239. A system according to claim 233 or 
234 or 235 

wherein the wall includes a distal region 
and a proximal region, and 

wherein the porous material occupies more 
of the distal region of the wall than the proximal 
region. 

240. A system according to claim 239 
wherein at least l/3rd of the proximal 

region of the wall is free of pores. 

241. A system according to claim 23 3 or 
234 or 235 

wherein the porous portion of the wall 
comprises at least first and second porous zones 
spaced apart by a third zone free of pores. 

242. A system according to claim 241 
wherein the electrode includes an axis, 

and 

wherein the first and second porous zones 
are circumf erentially spaced apart by the third 
zone about the axis. 

243. A system according to claim 241 
wherein the electrode includes an axis, 

and 

wherein the first and second porous zones 
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are spaced apart by the third zone along the axis. 

244. A system according to claim 233 or 
234 or 235 

wherein the wall is electrically 
conductive. 

245. A system according to claim 233 or 
234 or 235 

and further including a radiopaque 
element carried by the electrode. 

246. A system according to claim 233 or 
234 or 235 

wherein the medium carries a radiopaque 
contrast substance. 

247. A system according to claim 23 3 or 
234 or 235 

wherein the porous portion has a porosity 
providing an electrical resistivity of at least 
about 500 ohm* cm. 

248. A system according to claim 23 3 or 
234 or 235 

wherein the porous portion has a porosity 
providing an electrical resistivity less than 
about 500 ohm* cm* 

249. A system according to claim 23 3 or 
234 or 235 

wherein the medium comprises a hypertonic 

solution. 

250. A system according to claim 249 
wherein the hypertonic solution includes 

sodium chloride. 

251. A system according to claim 250 
wherein the sodium chloride is present in 

a concentration at or near saturation. 

252. A system according to claim 250 
wherein the sodium chloride is present in 
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a concentration of up to about 9% weight by 
volume. 

253. A system according to claim 249 
wherein the hypertonic solution includes 

potassium chloride. 

254. A system according to claim 23 3 or 
234 or 235 

wherein the medium has a resistivity 
lower than about 150 ohm -cm. 

255. A system according to claim 254 
wherein the medium has a resistivity 

lower than about 10 ohm •cm. 

256. A system according to claim 254 
wherein the medium has a resistivity 

lower than about 5 ohm* cm. 

257. A system according to claim 23 3 or 
234 or 235 

wherein the medium includes a material 
whose presence increases viscosity of the medium. 

258. A system according to claim 233 or 
234 or 235 

wherein the medium includes at least one 
ionic material whose presence increases viscosity 
of the medium. 

259. A system according to claim 258 
wherein the at least one ionic material 

_ comprises a radiopaque substance. 

260. A system according to claim 233 or 
234 or 235 

wherein the medium includes a nonionic 
material whose presence increases viscosity of the 
medium. 

261. A system according to claim 260 
wherein the nonionic material includes 

glycerol. 
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262. A system according to claim 2 60 
wherein the nonionic material includes 

mannitol . 

263. A system according to claim 233 or 
234 or 235 

and further including means for 
specifying ionic transport through the porous 
material at a desired rate based, at least in 
part, upon a desired physiological effect upon 
tissue . 

264. A system according to claim 23 3 or 
234 or 235 

wherein the porous material comprises an 
ultrafiltration membrane. 

2 65. A system according to claim 23 3 or 
234 or 235 

wherein the porous section comprises a 
microporous membrane. 

266. A system according to claim 233 or 
234 or 235 

and further including means for 
specifying constituting the medium to have a 
desired viscosity based, at least in part f upon a 
desired physiological effect upon tissue. 

2 67. A porous electrode assembly 
comprising 

a wall surrounding an interior area, 

a lumen capable of conveying a medium 
into the interior area, the interior area capable 
of holding a medium containing ions, 

an element coupling the medium within the 
interior area to a source of electrical energy, 

at least a portion of the wall comprising 
a porous material sized to pass ions contained in 
the medium to thereby enable ionic transport of 
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electrical energy from the source through the 
medium and porous material to the exterior of the 
wall, and 

at least one temperature sensing element 
carried by the wall in thermal contact with the 
exterior of the wall. 

268. A porous electrode assembly 
comprising 

a wall surrounding an interior area the 
interior area capable of holding a medium 
contianing ions, 

an element capable of coupling the medium 
to a source of electrical energy, 

at least a portion of the wall comprising 
a porous material sized to pass ions contained in 
the medium to thereby enable ionic transport of 
electrical energy from the source through the 
medium and porous material to the exterior of the 
wall, and 

at least one temperature sensing element 
carried by the wall in thermal contact with the 
exterior of the wall. 

269. A porous electrode assembly 
comprising 

a wall surrounding an interior area, 
a generator of radio frequency energy, 
a fluid source holding a medium 
containing ions, 

a lumen communicating with the interior 
area and the fluid source to convey into the 
interior area the medium containing ions, 

an element coupled to the generator to 
establish electrical contact between the medium 
within the interior area and the generator, 

at least a portion of the wall comprising 
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a porous material sized to pass ions contained in 
the medium to thereby enable ionic transport of 
radio frequency energy from the generator through 
the medium and porous material to the exterior of 
the wall, and 

at least one temperature sensing element 
carried by the wall in thermal contact with the 
exterior of the wall. 

270. A porous electrode assembly 
according to claim 267 or 268 or 269 

wherein the porous material comprises an 
ultrafiltration membrane. 

271. A porous electrode assembly 
according to claim 267 or 268 or 269 

wherein the porous material comprises a 
microporous membrane. 

272. A porous electrode assembly 
according to claim 267 or 268 or 269 

wherein the element comprises an 
electrically conductive electrode in the interior 
area of the wall. 

273. An assembly according to claim 272 
wherein the electrically conductive 

electrode comprises a nobel metal. 

274. An assembly according to claim 272 
wherein the electrically conductive 

electrode includes a material selected from the 
group consisting essentially of gold, platinum, 
platinum/ iridium, or combinations thereof. 

275. An assembly according to claim 267 
or 268 or 269 

wherein the medium comprises a hypertonic 

solution. 

276. An assembly according to claim 275 
wherein the hypertonic solution includes 
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sodium chloride* 

277. An assembly according to claim 276 
a concentration at or near saturation. 

278. An assembly according to claim 276 
wherein the sodium chloride is present in 

a concentration of up to about 9% weight by 
volume. 

279. An assembly according to claim 275 
wherein the hypertonic solution includes 

potassium chloride. 

280. An assembly according to claim 2 67 
or 268 or 269 

wherein the medium has a resistivity 
lower than about 150 ohm • cm. 

281. An assembly according to claim 267 
or 268 or 269 

wherein the medium has a resistivity 
lower than about 10 ohm •cm. 

282. An assembly according to claim 267 
or 268 or 269 

wherein the medium has a resistivity of 
about 5 ohm • cm . 

283. An assembly according to claim 267 
or 268 or 269 

wherein the medium includes a material 
whose presence increases viscosity of the medium. 

284. An assembly according to claim 267 
or 268 or 269 

wherein the medium includes at least one 
ionic material whose presence increases viscosity 
of the medium. 

285. An assembly according to claim 284 
wherein the at least one ionic material 

comprises a radiopaque substance. 

286. An assembly according to claim 267 
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or 268 or 269 

wherein the medium includes a nonionic 
material whose presence increases viscosity of the 
medium. 

287. An assembly according to claim 286 
wherein the nonionic material includes 

glycerol. 

288. An assembly according to claim 286 
wherein the nonionic material includes 

mannitol. 

289. An assembly according to claim 267 
or 268 or 269 

wherein the porous material has an 
electrical resistivity greater than about 500 
ohm • cm . 

290. An assembly according to claim 2 67 
or 268 or 269 

wherein the porous material has an 
electrical resistivity less than about 500 ohm -cm. 

291. An assembly according to claim 2 67 
or 268 or 269 

wherein at least a portion of the wall 
includes an electrically conductive material. 

292. An assembly according to claim 291 
wherein the electrically conductive 

material of the wall is porous. 

293. An assembly according to claim 291 
wherein the electrically conductive 

material of the wall is nonporous. 

294. An assembly according to claim 291 
wherein the electrically conductive 

material comprises a coating deposited on the 
wall. 

295. An assembly according to claim 291 
wherein the electrically conductive 
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material comprises foil affixed to the wall. 

296. An assembly according to claim 291 
wherein the electrically conductive 

material is a coextruded part of the wall. 

297. An assembly according to claim 291 
wherein the electrically conductive 

material comprises noninsulated signal wire 
exposed on the exterior of the wall. 

298. An electrode assembly according to 

claim 291 

wherein at least a portion the wall is 
free of electrically conductive material. 

299. An electrode assembly according to 
claim 267 or 268 or 269 

wherein at least a portion the wall is 
free of electrically conductive material. 

300. An assembly according to claim 267 
or 268 or 269 

and further including members assembled 
within the interior area to form a support 
structure underlying the wall. 

301. An assembly according to claim 300 
wherein the solid support members are 

made from metal material* 

302. An assembly according to claim 3 01 
wherein the metal material includes 

nickel titanium. 

303. An assembly according to claim 3 01 
wherein the metal material includes 

stainless steel. 

304. An assembly according to claim 3 00 
wherein the solid support members are 

made from plastic material. 

305. An assembly according to claim 300 
wherein the solid support members 
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comprise elongated spline elements assembled in a 
circumferentially spaced relationship. 

306. An assembly according to claim 300 
wherein the solid support members 

comprise a porous foam structure. 

307. An assembly according to claim 267 
or 268 or 269 

wherein the wall includes a distal region 
and a proximal region, and 

of the distal region than the proximal 

region. 

308. An assembly according to claim 307 
wherein at least l/3rd of the proximal 

region is free of porous material. 

309. An assembly according to claim 307 
wherein the porous material occupies at 

least l/3rd of the distal region. 

310. A system for heating body tissue 
comprising 

a catheter tube having a distal end, 
a return electrode, 

a fluid source of a medium containing 

ions, 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through tissue, the electrode comprising 
a wall having an exterior peripherally surrounding 
an interior area, a lumen to convey the medium 
containing ions from the fluid source into the 
interior area, an electrically conductive element 
in the interior area, 

means for coupling the electrically 
conductive element to a source of energy to 
transmit the energy, 

at least a portion of the wall 
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comprising a porous material sized to pass ions 
contained in the medium, thereby establishing 
ionic transport of electrical energy from the 
electrically conductive element through the medium 
to the exterior of the wall for transmission to 
the return electrode to heat tissue located 
between the return electrode and the electrode, 
and 

at least one temperature sensing element 
carried by the wall in thermal conductive contact 
with the exterior of the wall. 

311. A system for ablating body tissue 
comprising 

a catheter tube having a distal end, 
a return electrode, 

a fluid source of a medium containing 

ions , 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through tissue, the electrode comprising 
a wall having an exterior peripherally surrounding 
an interior area, a lumen to convey the medium 
containing ions from the fluid source into the 
interior area, an electrically conductive element 
in the interior area, 

means for coupling the electrically 
conductive element to a source of energy to 
transmit the energy, 

at least a portion of the wall 
comprising a porous material sized to pass ions 
contained in the medium, thereby establishing 
ionic transport of electrical energy from the 
electrically conductive element through the medium 
to the exterior of the wall for transmission to 
the return electrode to ablate tissue located 
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between the return electrode and the electrode, 
and 

at least one temperature sensing element 
carried by the wall in thermal conductive contact 
with the exterior of the wall. 

312. A system for ablating heart tissue 
comprising 

a catheter tube having a distal end for 
deployment in a heart chamber, 
a return electrode, 

a fluid source of a medium containing 

ions, 

an electrode on the distal end of the 
catheter tube electrically coupled to the return 
electrode through heart tissue, the electrode 
comprising a wall having an exterior peripherally 
surrounding an interior area, a lumen to convey 
the medium containing ions from the fluid source 
into the interior area, an electrically conductive 
element in the interior area, 

means for coupling the electrically 
conductive element to a source of energy to 
transmit the energy, 

at least a portion of the wall 
comprising a porous material sized to pass ions 
contained in the medium, thereby establishing 
ionic transport of electrical energy from the 
electrically conductive element through the medium 
to the exterior of the wall for transmission to 
the return electrode to ablate heart tissue 
located between the return electrode and the 
electrode, and 

at least one temperature sensing element 
carried by the wall in thermal conductive contact 
with the exterior of the wall. 
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313. A system according to claim 310 or 
311 or 312 

wherein the medium comprises a hypertonic 

solution. 

314. A system according to claim 313 
wherein the hypertonic solution includes 

sodium chloride. 

315. A system according to claim 314 
wherein the sodium chloride is present in 

a concentration at or near saturation. 

316. A system according to claim 314 

wherein the sodium chloride is present in 

a concentration of up to about 9% weight by 
volume. 

317. A system according to claim 310 or 
311 or 312 

wherein the hypertonic solution includes 
potassium chloride. 

318. A system according to claim 317 
wherein the medium has a resistivity 

lower than about 150 ohm* cm. 

319. A system according to claim 317 
wherein the medium has a resistivity 

lower than about 10 ohm -cm. 

320. A system according to claim 317 
wherein the medium has a resistivity of 

about 5 ohm • cm . 

321. A system according to claim 310 or 
311 or 312 

wherein the medium includes a material 
whose presence increases viscosity of the medium. 

322. A system according to claim 310 or 
311 or 312 

wherein the medium includes at least one 
ionic material whose presence increases viscosity 
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5 of the medium. 

323. A system according to claim 322 
wherein the at least one ionic material 

comprises a radiopaque substance. 

324. A system according to claim 310 or 
311 or 312 

wherein the medium includes a nonionic 
material whose presence increases viscosity of the 
5 medium. 

325. A system according to claim 324 
wherein the nonionic material includes 

glycerol. 

326. A system according to claim 324 
wherein the nonionic material includes 

mannitol. 

327. A system according to claim 310 or 
311 or 312 

wherein the porous material comprises an 
ultrafiltration membrane. 

3 28. A system according to claim 310 or 
311 or 312 

wherein the porous material comprises a 
microporous membrane. 

329. A system according to claim 310 or 
311 or 312 

wherein the porous material has a 
porosity providing an electrical resistivity 
greater than about 500 ohm -cm. 

33 0. A system according to claim 310 or 
311 or 312 

wherein the porous material has a 
porosity providing an electrical resistivity less 
than about 500 ohm* cm. 

331. A system according to claim 310 or 
311 or 312 
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wherein at: least a portion of the wall 
includes an electrically conductive material. 

332. A system according to claim 331 
wherein the electrically conductive 

material of the wall is porous. 

333. A system according to claim 331 
wherein the electrically conductive 

material of the wall is nonporous. 

334. An electrode assembly according to 

claim 331 

wherein at least a portion the wall is 
free of electrically conductive material . 

335. An electrode assembly according to 
claim 310 or 311 or 312 

free of electrically conductive material, 
or 311 or 312 

wherein the wall includes a distal region 
and a proximal region, and 

wherein the porous material occupies more 
of the distal region than the proximal region. 

337. An assembly according to claim 336 
wherein at least l/3rd of the proximal 

region is free of porous material. 

338. An assembly according to claim 336 
wherein the porous material occupies at 

least l/3rd of the distal region. 

339. An electrode assembly comprising 
a wall surrounding an interior area, 

at least a portion of the wall comprising 
an electrically conductive material, 

a lumen capable of conveying a medium 
into the interior area, the interior area capable 
of holding a medium containing ions, and 

at least a portion of the wall also 
comprising a porous material sized to pass ions 
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contained in the medium. 

340. An assembly according to claim 339 
wherein the porous material is adjacent 

to the electrically conductive material. 

341. An assembly according to claim 33 9 

or 340 

and further including an element coupling 
the electrically conductive material to a source 
of electrical energy to transmit electrical 
energy. 

342. An assembly according to claim 341 
wherein the electrically conductive 

material is also porous to pass ions contained in 
the medium. 

343. An assembly according to claim 341 
and further including a conductive 

element coupling the medium within the interior 
area to a source of electrical energy to enable 
ionic transport of electrical energy by the medium 
through the porous material. 

344. An assembly according to claim 343 
wherein the conductive element comprises 

an electrically conductive electrode in the 
interior area of the wall. 

345. An assembly according to claim 344 
wherein the electrically conductive 

electrode comprises a nobel metal. 

346. An assembly according to claim 345 
wherein the electrically conductive 

electrode includes a material selected from the 
group consisting essentially of gold, platinum, 
platinum/ iridium, or combinations thereof. 

347. An assembly according to claim 343 
wherein the electrically conductive 

material is also porous to pass ions contained in 
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the medium* 

348. An assembly according to claim 339 

or 340 

and further including an element coupled 
to the electrically conductive material to convey 
electrical signals sensed by the electrically 
conductive material. 

349. An assembly according to claim 348 
and further including an element coupling 

the electrically conductive material to a source 
of electrical energy to transmit electrical 
energy . 

350. An assembly according to claim 349 
wherein the electrically conductive 

material is also porous to pass ions contained in 
the medium. 

351. An assembly according to claim 349 
and further including a conductive 

element coupling the medium within the interior 
area to a source of electrical energy to enable 
ionic transport of electrical energy by the medium 
through the porous material. 

352. An assembly according to claim 351 
wherein the conductive element comprises 

an electrically conductive electrode in the 
interior area of the wall. 

353. An assembly according to claim 352 
wherein the electrically conductive 

electrode comprises a nobel metal. 

354. An assembly according to claim 353 
wherein the electrically conductive 

electrode includes a material selected from the 
group consisting essentially of gold, platinum, 
platinum/ iridium, or combinations thereof. 

3 55. An assembly according to claim 353 
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wherein the electrically conductive 
material is also porous to pass ions contained in 
the medium. 

356. An electrode assembly comprising 
a wall surrounding an interior area, 
at least a portion of the wall comprising 
an electrically conductive material, 

a lumen capable of conveying a medium 
into the interior area, the interior area capable 
of holding a medium containing ions, 

a conductive element capable of coupling 
the medium within the interior area to a source of 
electrical energy to enable ionic transport of 
electrical energy by the medium, and 

at least a portion of the wall also 
comprising a porous material sized to pass ions 
contained in the medium to enable ionic transport 
of electrical energy by the medium through the 
porous material to the exterior of the wall. 

357. An assembly according to claim 356 
wherein the porous material is adjacent 

to the electrically conductive material. 

358. An assembly according to claim 356 

or 357 

and further including an element coupling 
the electrically conductive material to a source 
_of electrical energy to transmit electrical 
energy . 

359. An assembly according to claim 358 
wherein the electrically conductive 

material is also porous to pass ions contained in 
the medium. 

360. An assembly according to claim 356 

or 357 

and further including an element coupled 
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to the electrically conductive material to convey 
electrical signals sensed by the electrically 
conductive material. 

361. An assembly according to claim 360 
and further including an element coupling 

the electrically conductive material to a source 
of electrical energy to transmit electrical 
energy . 

362. An assembly according to claim 361 
wherein the electrically conductive 

material is also porous to pass ions contained in 
the medium. 

363. An assembly according to claim 356 

or 357 

wherein the conductive element comprises 
an electrically conductive electrode in the 
interior area of the wall. 

364. An assembly according to claim 363 
wherein the electrically conductive 

electrode comprises a nobel metal. 

365. An assembly according to claim 363 
wherein the electrically conductive 

electrode includes a material selected from the 
group consisting essentially of gold, platinum, 
platinum/ iridium, or combinations thereof. 

366. An assembly according to claim 356 

or 357 

wherein the porous material is sized to 
block passage of macromolecules. 

367. An assembly according to claim 356 

or 357 

wherein the porous material comprises an 
ultrafiltration membrane. 

368. An assembly according to claim 355 

or 357 
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wherein the porous material comprises a 
microporous membrane. 

369. An assembly according to claim 339 

or 356 

wherein the electrically conductive 
material comprises a coating deposited on the 
wall. 

370. An assembly according to claim 339 

or 356 

wherein the electrically conductive 
material comprises foil affixed to the wall. 

371. An assembly according to claim 339 

or 356 

wherein the electrically conductive 
material is a coextruded part of the wall. 

372. An assembly according to claim 339 

or 356 

wherein the electrically conductive 
material comprises noninsulated signal wire 
exposed on the exterior of the wall. 

373. An assembly according to claim 339 

or 356 

wherein the medium comprises a hypertonic 

solution. 

374. An assembly according to claim 373 
wherein the hypertonic solution includes 

sodium chloride. 

375. An assembly according to claim 374 
wherein the sodium chloride is present in 

a concentration at or near saturation. 

376. An assembly according to claim 374 
wherein the sodium chloride is present in 

a concentration of up to about 9% weight by 
volume. 

377. An assembly according to claim 373 
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wherein the hypertonic solution includes 
potassium chloride, 

378. An assembly according to claim 339 

or 356 

wherein the medium has a resistivity 
lower than about 150 ohm -cm. 

379* An assembly according to claim 339 

or 356 

wherein the medium has a resistivity 
lower than about 10 ohm •cm. 

380. An assembly according to claim 339 

or 356 

wherein the medium has a resistivity of 
about 5 ohm* cm. 

381. An assembly according to claim 339 

or 356 

wherein the medium includes a material 
whose presence increases viscosity of the medium. 

382. An assembly according to claim 339 

or 356 

wherein the medium includes at least one 
ionic material whose presence increases viscosity 
of the medium. 

383. An assembly according to claim 382 
wherein the at least one ionic material 

comprises a radiopaque substance. 

384. An assembly according to claim 339 

or 356 

wherein the medium includes a nonionic 
material whose presence increases viscosity of the 
medium. 

385. An assembly according to claim 384 
wherein the nonionic material includes 

glycerol . 

386. An assembly according to claim 384 
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wherein the nonionic material includes 

mannitol . 

387. An assembly according to claim 339 

or 356 

wherein the porous material has an 
electrical resistivity greater than about 500 
ohm * cm • 

388. An assembly according to claim 339 

or 356 

wherein the porous material has an 
electrical resistivity less than about 500 ohm -en 

389. An assembly according to claim 339 

or 356 

and further including members assembled 
within the interior area to form a support 
structure underlying the wall. 

390. An assembly according to claim 389 
wherein the solid support members are 

made from metal material. 

391. An assembly according to claim 390 
wherein the metal material includes 

nickel titanium. 

392. An assembly according to claim 390 
wherein the metal material includes 

stainless steel. 

393. An assembly according to claim 390 
wherein the solid support members are 

made from plastic material. 

394 ♦ An assembly according to claim 390 
wherein the solid support members 

comprise elongated spline elements assembled in a 

circumf erentially spaced relationship. 

395. An assembly according to claim 390 
wherein the solid support members 

comprise a porous foam structure. 
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396. An assembly according to claim 339 

or 356 

wherein the porous material is 
hydrophilic. 

397. An assembly according to claim 339 

or 356 

wherein the lumens conveys a medium 
containing ions into the interior area subject to 
an interior pressure, and 

wherein the porous material has a bubble 
point value greater than the interior pressure. 

398. An assembly according to claim 397 
wherein the porous material is 

hydrophilic. 

399. A system for heating body tissue 
comprising 

a source of a medium containing ions, 
a generator of electrical energy, 
an electrode comprising a wall having an 
exterior peripherally surrounding an interior 
area, at least a portion of the wall comprising an 
electrically conductive material having a surface 
area for transmitting electrical energy, a lumen 
to convey medium containing ions from the source 
into the interior area of the wall, at least a 
portion of the wall adjacent to the electrically 
conductive material comprising a porous material 
sized to pass ions contained in the medium, and 

a controller coupled to the source and to 
the generator to achieve a desired tissue heating 
effect by commanding conveyance of electrical 
energy by the generator for transmission by the 
electrically conductive material while commanding 
conveyance of medium containing ions by the 
source, thereby enabling ionic transport through 
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the porous material while the electrically 
conductive material transmits electrical energy 
to create an effective surface area of electrical 
energy transmission that is greater than the 
surface area of the electrically conductive 
material, 

400. A system according to claim 399 
and further including a conductive 

element coupling the medium within the interior 
area of the wall to the generator , and 

wherein the controller is coupled to the 
conductive element to command conveyance of 
electrical energy by the generator to the element 
to enable ionic transport of electrical energy by 
the medium through the porous material while the 
electrically conductive material transmits 
electrical energy. 

401. A system for heating body tissue 
comprising 

a source of a medium containing ions, 
a generator of electrical energy, 
an electrode comprising a wall 
surrounding an interior area, at least a portion 
of the wall comprising an electrically conductive 
material having a surface area for transmitting 
electrical energy, a lumen capable of conveying 
medium containing ions from the source into the 
interior area, at least a portion of the wall 
adjacent to the electrically conductive material 
comprising a porous material sized to pass ions 
contained in the medium, 

a conductive element capable of coupling 
the medium within the interior area of the wall to 
the generator, and 

a controller coupled to the source, the 
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generator, and the element to achieve a desired 
tissue heating effect by commanding conveyance of 
electrical energy by the generator to the element 
and the electrically conductive material while 
commanding conveyance of medium containing ions by 
the source into the interior area to enable ionic 
transport of electrical energy through the porous 
material while the electrically conductive 
material transmits electrical energy to create an 
effective surface area of electrical energy 
transmission that is greater than the surface area 
of the electrically conductive material. 

402. A system according to claim 399 or 
400 or 401 

wherein the controller is operative for 
achieving the desired tissue heating effect by 
ablating body tissue. 

403. A system according to claim 399 or 
400 or 401 

wherein the controller is operative for 
achieving the desired tissue heating effect by 
ablating heart tissue. 

404. A system for ablating heart tissue 
comprising 

a source of a medium containing ions, 
a generator of electrical energy, 
a processor for processing electrical 
events sensed in heart tissue, 

an electrode comprising a wall having an 
exterior peripherally surrounding an interior 
area, at least a portion of the wall comprising an 
electrically conductive material having a surface 
area for sensing electrical events in heart tissue 
and transmitting electrical energy, a lumen to 
convey medium containing ions from the source into 
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the interior area of the wall, at least a portion 
of the wall adjacent to the electrically 
conductive material comprising a porous material 
sized to pass ions contained in the medium, and 
a controller coupled to the source, to 
the generator, and to the processor, the 
controller operative in a first mode commanding 
the electrically conductive material to sense 
electrical events in heart tissue for conveyance 
to the processor, the controller being operative 
in a second mode commanding conveyance of 
electrical energy by the generator for 
transmission by the electrically conductive 
material while commanding conveyance of medium 
containing ions, thereby enabling ionic transport 
through the porous material while the electrically 
conductive material transmits electrical energy 
to create an effective surface area of electrical 
energy transmission for ablating heart tissue that 
is greater than the surface area of the 
electrically conductive material. 

405. A system according to claim 404 
and further including a conductive 

element coupling the medium within the interior 
area of the wall to the generator, and 

wherein the controller is coupled to the 
element to command, during the second mode, 
conveyance of electrical energy by the generator 
to the element to enable ionic transport of 
electrical energy by the medium through the porous 
material while the electrically conductive 
material transmits electrical energy* 

406, A system for ablating heart tissue 
comprising 

a source of a medium containing ions, 
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a generator of electrical energy , 
a processor for processing electrical 
events sensed in heart tissue, 

an electrode comprising a wall having an 
exterior peripherally surrounding an interior 
area, at least a portion of the wall comprising an 
electrically conductive material having a surface 
area for sensing electrical events in heart tissue 
and transmitting electrical energy, a lumen to 
convey medium containing ions from the source into 
the interior area of the wall, at least a portion 
of the wall adjacent to the electrically 
conductive material comprising a porous material 
sized to pass ions contained in the medium, 

a conductive element coupling the medium 
within the interior area of the wall to the 
generator , and 

a controller coupled to the source, to 
the generator, and to the processor, the 
controller operative in a first mode commanding 
the electrically conductive material to sense 
electrical events in heart tissue for conveyance 
to the processor, the controller being operative 
in a second mode commanding conveyance of 
electrical energy by the generator for 
transmission by the electrically conductive 
material while commanding conveyance of medium 
containing ions by the source into the interior 
area to enable ionic transport of electrical 
energy through the porous material while the 
electrically conductive material transmits 
electrical energy to create an effective surface 
area of electrical energy transmission for 
ablating heart tissue that is greater than the 
surface area of the electrically conductive 
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material. 

4 07. A system according to claim 4 04 or 
405 or 406 

wherein the porous material is sized to 
block passage of macromolecules. 

408. A system according to claim 4 01 or 

406 

wherein the porous material comprises an 
ultrafiltration membrane. 

409. A system according to claim 401 or 

406 

wherein the porous material comprises a 
microporous membrane. 

410. A system according to claim 4 00 or 
401 or 402 or 405 or 406 

wherein the conductive element comprises 
an electrically conductive electrode in the 
5 interior area of the wall. 

411. A system according to claim 400 or 
401 or 402 or 405 or 406 

wherein the electrically conductive 
material comprises a coating deposited on the 
wall. 

412. A system according to claim 4 00 or 
401 or 402 or 405 or 406 

wherein the electrically conductive 
material comprises foil affixed to the wall. 

413. A system according to claim 400 or 
401 or 402 or 405 or 406 

wherein the electrically conductive 
material is a coextruded part of the wall. 

414. A system according to claim 400 or 
401 or 402 or 405 or 406 

wherein the electrically conductive 
material comprises noninsulated signal wire 
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415. A system according to claim 400 or 
401 or 402 or 405 or 406 

wherein the medium comprises a hypertonic 

solution. 

416. A system according to claim 4 00 or 
401 or 402 or 405 or 406 

wherein the medium has a resistivity 
lower than about 150 ohm •cm. 

417. A system according to claim 416 
wherein the medium has a resistivity 

lower than about 10 ohm -cm. 

418. A system according to claim 416 
wherein the medium has a resistivity of 

about 5 ohm • cm . 

419. A system according to claim 400 or 
401 or 402 or 405 or 406 

wherein the porous material has an 
electrical resistivity greater than about 500 
ohm * cm* 

420. A system according to claim 4 00 or 
401 or 402 or 405 or 406 

wherein the porous material has an 
electrical resistivity less than about 500 ohm •cm. 

421. A system according to claim 400 or 
401 or 402 or 405 or 406 

wherein the porous material is 
hydrophilic. 

422. A system according to claim 4 00 or 
401 or 402 or 405 or 406 

wherein the lumens conveys a medium 
containing ions into the interior area subject to 
an interior pressure, and 

wherein the porous material has a bubble 
point value greater than the interior pressure. 
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423- A system according to claim 422 
wherein the porous material is 

hydrophilic. 

424 . An electrode assembly comprising 

a wall surrounding an interior area, 

at least a portion of the wall comprising 

an electrically conductive material capable of 

being coupled to a source of electrical energy to 

transmit electrical energy, 

a lumen capable of convey a medium into 

the interior area, the interior area capable of 

holding a medium containing ions, and 

at least a portion of the electrically 

conductive material comprising a porous material 

sized to pass ions contained in the medium, 

425. An assembly according to claim 424 
and further including a conductive 

element coupling the medium within the interior 
area to a source of electrical energy to enable 
ionic transport of electrical energy by the medium 
through the porous material. 

426. An assembly according to claim 425 
wherein the conductive element comprises 

an electrically conductive electrode in the 
interior area of the wall. 

427. An assembly according to claim 426 
wherein the electrically conductive 

electrode comprises a nobel metal. 

428. An assembly according to claim 426 
wherein the electrically conductive 

electrode includes a material selected from the 
group consisting essentially of gold, platinum, 
platinum/ iridium, or combinations thereof. 

429. An assembly according to claim 424 

or 425 
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and further including an element coupled 
to the electrically conductive material to convey 
electrical signals sensed by the electrically 
conductive material. 

430. An electrode assembly comprising 
a wall surrounding an interior area, 
at least a portion of the wall comprising 
an electrically conductive material coupled to a 
source of electrical energy to transmit electrical 
energy , 

a lumen capable of conveying a medium 
into the interior area, the interior area capable 
of holding a medium containing ions, and 

at least a portion of the electrically 
conductive material comprising a porous material 
sized to pass ions contained in the medium, and 

a conductive element capable of coupling 
the medium within the interior area to a source of 
electrical energy to enable ionic transport of 
electrical energy by the medium through the porous 
material. 

4 31. An assembly according to claim 43 0 
and further including an element coupled 
to the electrically conductive material to convey 
electrical signals sensed by the electrically 
conductive material. 

432. An assembly according to claim 430 
wherein the conductive element comprises 

an electrically conductive electrode in the 
interior area of the wall. 

433. An assembly according to claim 432 
wherein the electrically conductive 

electrode comprises a nobel metal. 

434. An assembly according to claim 432 
wherein the electrically conductive 
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electrode includes a material selected from the 
group consisting essentially of gold, platinum, 
platinum/ iridium, or combinations thereof. 

435. An assembly according to claim 430 
wherein the porous material is sized to 

block passage of macromolecules. 

436. An assembly according to claim 430 
wherein the porous material comprises an 

ultrafiltration membrane. 

437. An assembly according to claim 430 
wherein the porous material comprises a 

microporous membrane. 

438 An assembly according to claim 423 

or 430 

wherein the medium comprises a hypertonic 

solution. 

439. An assembly according to claim 423 
wherein the hypertonic solution includes 

sodium chloride. 

440. An assembly according to claim 439 
wherein the sodium chloride is present in 

a concentration at or near saturation. 

441. An assembly according to claim 439 

wherein the sodium chloride is present in 

a concentration of up to about 9% weight by 
volume . 

442. An assembly according to claim 436 
wherein the hypertonic solution includes 

potassium chloride. 

443. An assembly according to claim l or 

430 

wherein the medium has a resistivity 
lower than about 150 ohm* cm. 

444. An assembly according to claim 422 

or 430 
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wherein the medium has a resistivity 
lower than about 10 ohm -cm. 

445 An assembly according to claim 422 

or 430 

wherein the medium has a resistivity of 
about 5 ohm • cm . 

446. An assembly according to claim 422 

or 430 

wherein the medium includes a material 
whose presence increases viscosity of the medium, 

447. An assembly according to claim 422 

or 4 30 

wherein the medium includes at least one 
ionic material whose presence increases viscosity 
of the medium. 

448. An assembly according to claim 447 
wherein the at least one ionic material 

comprises a radiopaque substance. 

449. An assembly according to claim 422 

or 430 

wherein the medium includes a nonionic 
material whose presence increases viscosity of the 
medium. 

450. An assembly according to claim 449 
wherein the nonionic material includes 

glycerol . 

451 An assembly according to claim 448 
wherein the nonionic material includes 

mannitol. 

452. An assembly according to claim 422 

or 430 

wherein the porous material has an 
electrical resistivity greater than about 500 
ohm • cm • 

453. An assembly according to claim 422 
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or 430 

wherein the porous material has an 
electrical resistivity less than about 500 ohm •cm. 

454. An assembly according to claim 422 

or 430 

and further including members assembled 
within the interior area to form a support 
structure underlying the wall. 

455. An assembly according to claim 454 
wherein the solid support members are 

made from metal material. 

456. An assembly according to claim 454 
wherein the metal material includes 

nickel titanium. 

457. An assembly according to claim 454 
wherein the metal material includes 

stainless steel. 

4 58 An assembly according to claim 4 54 
wherein the solid support members are 

made from plastic material. 

459. An assembly according to claim 454 
wherein the solid support members 

comprise elongated spline elements assembled in a 
circumferentially spaced relationship. 

460. An assembly according to claim 454 
wherein the solid support members 

comprise a porous foam structure. 

461. An assembly according to claim 422 

or 430 

wherein the porous material is 
hydrophilic. 

462. An assembly according to claim 422 

or 430 

wherein the lumens conveys a medium 
containing ions into the interior area subject to 
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an interior pressure, and 

the porous material has a bubble point 
value greater than the interior pressure. 

463. An assembly according to claim 
wherein the porous material is 

hydrophilic. 

464. A system for heating body tissue 
comprising 

a source of a medium containing ions, 
a generator of electrical energy, 
an electrode comprising a wall having an 
exterior peripherally surrounding an interior 
area, at least a portion of the wall comprising an 
electrically conductive material coupled to a 
source of electrical energy to transmit electrical 
energy, a lumen to convey a medium containing ions 
into the interior area, and at least a portion of 
the electrically conductive material comprising a 
porous material sized to pass ions contained in 
the medium, and 

a controller coupled to the source and to 
the generator to achieve a desired tissue heating 
effect by commanding conveyance of electrical 
energy by the generator for transmission by the 
electrically conductive material while commanding 
conveyance of medium containing ions by the 
source, thereby enabling ionic transport through 
the porous material while the electrically 
conductive material transmits electrical energy. 
465. A system according to claim 464 
and further including a conductive 
element coupling the medium within the interior 
area of the wall to the generator, and 

wherein the controller is coupled to the 
conductive element to command conveyance of 
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electrical energy by the generator to the element 
to enable ionic transport of electrical energy by 
the medium through the porous material while the 
10 electrically conductive material transmits 

electrical energy. 

4 66. A system for heating body tissue 
comprising 

a source of a medium containing ions, 
a generator of electrical energy, 
5 an electrode comprising a wall having an 

exterior peripherally surrounding an interior 
area, at least a portion of the wall comprising 
an electrically conductive material coupled to a 
source of electrical energy to transmit electrical 
L0 energy, a lumen to convey a medium containing ions 

into the interior area, at least a portion of the 
electrically conductive material comprising a 
porous material sized to pass ions contained in 
the medium, 

15 a conductive element coupling the medium 

within the interior area of the wall to the 
generator , and 

a controller coupled to the source, the 
generator, and the conductive element to achieve a 

!0 desired tissue heating effect by commanding 

conveyance of electrical energy by the generator 
to the conductive element and the electrically 
conductive material while commanding conveyance of 
medium containing ions by the source into the 

15 interior area to enable ionic transport of 

electrical energy through the porous material 
while the electrically conductive material 
transmits electrical energy. 

4 67. A system according to claim 4 64 or 
465 or 466 
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wherein the controller is operative for 
achieving the desired tissue heating effect by 
ablating body tissue. 

468. A system according to claim 464 or 
465 or 466 

wherein the controller is operative for 
achieving the desired tissue heating effect by 
ablating heart tissue. 

469. A system for ablating heart tissue 
comprising 

a source of a medium containing ions, 
a generator of electrical energy, 
a processor for processing electrical 
events sensed in heart tissue, 

an electrode comprising a wall having an 
exterior peripherally surrounding an interior 
area, at least a portion of the wall comprising an 
electrically conductive material coupled to a 
source of electrical energy to transmit electrical 
energy, a lumen to convey a medium containing ions 
into the interior area, and at least a portion of 
the electrically conductive material comprising a 
porous material sized to pass ions contained in 
the medium, and 

a controller coupled to the source, to 
the generator, and to the processor, the 
controller operative in a first mode commanding 
the electrically conductive material to sense 
electrical events in heart tissue for conveyance 
to the processor, the controller being operative 
in a second mode commanding conveyance of 
electrical energy by the generator for 
transmission by the electrically conductive 
material while commanding conveyance of medium 
containing ions, thereby enabling ionic transport 
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through the porous material while the electrically 
conductive material transmits electrical energy. 

470. A system according to claim 469 
and further including a conductive 

element coupling the medium within the interior 
area of the wall to the generator, and 

wherein the controller is coupled to the 
element to command, during the second mode, 
conveyance of electrical energy by the generator 
to the element to enable ionic transport of 
electrical energy by the medium through the porous 
material while the electrically conductive 
material transmits electrical energy. 

471. A system for ablating heart tissue 
comprising 

a source of a medium containing ions, 
a generator of electrical energy, 
a processor for processing electrical 
events sensed in heart tissue, 

an electrode comprising a wall having an 
exterior peripherally surrounding an interior 
area, at least a portion of the wall comprising 
an electrically conductive material coupled to a 
source of electrical energy to transmit electrical 
energy, a lumen to convey a medium containing ions 
into the interior area, at least a portion of the 
electrically conductive material comprising a 
porous material sized to pass ions contained in 
the medium, 

a conductive element coupling the medium 
within the interior area of the wall to the 
generator , and 

a controller coupled to the source, to 
the generator, and to the processor, the 
controller operative in a first mode commanding 
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25 



30 



the electrically conductive material to sense 
electrical events in heart tissue for conveyance 
to the processor, the controller being operative 
in a second mode commanding conveyance of 
electrical energy by the generator for 
transmission by the electrically conductive 
material while commanding conveyance of medium 
containing ions by the source into the interior 
area to enable ionic transport of electrical 
energy through the porous material while the 
electrically conductive material transmits 
electrical energy. 

472. A system according to claim 466 or 

471 

wherein the porous material is sized to 
block passage of macromolecules. 

473. A system according to claim 466 or 

471 

wherein the porous material comprises an 
ultrafiltration membrane. 

474. A system according to claim 466 or 

471 

wherein the porous material comprises a 
microporous membrane. 

475. A system according to claim 4 68 or 
469 or 470 or 471 

wherein the conductive element comprises 
an electrically conductive electrode in the 
interior area of the wall. 

476. A system according to claim 4 66 or 
467 or 4683 or 469 or 470 or 471 

wherein the medium comprises a hypertonic 

solution. 

477. A system according to claim 466 or 
467 or 4683 or 469 or 470 or 471 
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wherein the medium has a resistivity 
lower than about 150 ohm* cm. 

478. A system according to claim 477 
wherein the medium has a resistivity 

lower than about 10 ohm* cm. 

479. A system according to claim 477 
wherein the medium has a resistivity of 

about 5 ohm * cm . 

480 A system according to claim 466 or 
467 or 4683 or 469 or 470 or 471 

wherein the porous material has an 
electrical resistivity greater than about 500 
ohm • cm . 

481. A system according to claim 4 66 or 
467 or 4683 or 469 or 470 or 471 

wherein the porous material has an 
electrical resistivity less than about 500 ohm -cm. 

482. A system according to claim 466 or 
467 or 4683 or 469 or 470 or 471 

wherein the porous material is 
hydrophilic. 

483. A system according to claim 466 or 
467 or 4683 or 469 or 470 or 471 

wherein the lumens conveys a medium 
containing ions into the interior area subject to 
an interior pressure, and 

wherein the porous material has a bubble 
point value greater than the interior pressure. 

484. A system according to claim 483 
wherein the porous material is 

hydrophilic. 

485. A system for ablating body tissue 
comprising 

an electrode including an exterior wall 
adapted to contact tissue, the wall surrounding an 
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interior area, a lumen to convey a medium 
containing ions into the interior area, at least a 
portion of the wall of the electrode comprising a 
porous material sized to pass ions contained in 
the medium, and an electrically conductive element 
contacting the medium within the interior area, 

a generator of electrical ablation energy 
coupled to the electrically conductive element to 
transmit electrical ablation energy to the 
electrically conductive element for ionic 
transport through the medium and porous material 
to tissue, 

at least one sensing element carried by 
the exterior wall of the electrode to sense 
temperature , and 

a controller coupled to the generator and 
the at least one sensing element to govern 
transmission of electrical ablation energy to the 
electrically conductive element based, at least in 
part, upon temperature sensed by the at least one 
sensing element. 

486. A system according to claim 485 
wherein the controller specifies a 

targeted electrical ablation energy power level 
delivered to the electrically conductive element 
based, at least in part, upon temperature sensed 
l>y the at least one sensing element. 

487. A system according to claim 485 
wherein the controller specifies a duty 

cycle for the delivery of electrical ablation 
energy to the electrically conductive element. 

488. a system according to claim 486 
wherein the controller delivers 

electrical ablation energy to the electrically 
conductive element in power pulses. 
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489 A system according to claim 486 
wherein the controller specifies a 
targeted maximum temperature condition to be 
sensed by the sensing element while the electrode 
ionically transmits ablation energy. 

490. A system according to claim 489 
wherein the controller periodically 

compares temperature sensed by the at least one 
sensing element to the targeted maximum 
temperature condition and generates a command to 
govern transmission of electrical ablation energy 
to the electrically conductive element based, at 
least in part, upon the comparison. 

491. A system according to claim 485 or 

486 

wherein the controller includes an 
element for inputting a desired therapeutic result 
including at least a targeted lesion depth. 

492. A system according to claim 491 
wherein the controller includes 

processing means for specifying an operating 
condition based upon the desired therapeutic 
result including establishing a targeted maximum 
temperature condition to be sensed by the sensing 
element while the electrode ionically transmits 
ablation energy. 

493. A system according to claim 492 
wherein the controller compares 

temperature sensed by the at least one sensing 
element to the targeted maximum temperature 
condition and generates a command to govern 
transmission of electrical ablation energy to the 
electrically conductive element based, at least in 
part, upon the comparison. 

494. A system according to claim 485 or 
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486 

wherein the controller specifies a 
targeted electrical resistivity for the porous 
material of the exterior wall. 

495. A system according to claim 494 
wherein the targeted electrical 

resistivity is greater than about 500 ohm* cm. 

496. A system according to claim 494 
wherein the targeted electrical 

resistivity is less than about 500 ohm -cm. 

497. A system according to claim 4 85 or 

486 

wherein the controller specifies a 
targeted electrical resistivity for the medium. 

498. A system according to claim 497 
wherein the targeted electrical 

resistivity for the medium is less than about 150 
ohm * cm • 

499. A system according to claim 497 
wherein the targeted electrical 

resistivity for the medium is about 5 ohm-cm. 

500. A system according to claim 485 or 

486 

wherein the controller specifies a liquid 
perfusion rate of medium through the porous 
material. 

501 A system according to claim 500 
wherein the controller includes means for 
maintaining rate of liquid perfusion below a 
maximum value based, at least in part, upon 
physiologic fluid overload considerations. 

502. A system according to claim 500 
wherein the controller specifies 
viscosity of the fluid medium to, at least in 
part, establish the perfusion rate. 
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503. A system according to claim 485 or 

486 

wherein the controller includes sensing 
means for sensing impedance proximate to where the 
exterior wall contacts tissue. 

504. A system according to claim 503 
wherein the controller specifies a liquid 

perfusion rate of fluid medium through the porous 
material to stabilize impedance sensed by the 
sensing means at a generally constant minimum 
value. 

505. A system according to claim 503 
wherein the controller specifies a liquid 

perfusion rate of fluid medium through the porous 
material above a value at which impedance sensed 
by the sensing means is below a set maximum value. 

506. A system according to claim 4 85 or 

486 

wherein the electrical ablation energy 
comprises radio frequency energy. 

507. A system according to claim 485 or 

486 

wherein the porous material comprises an 
ultrafiltration membrane. 

508. A system according to claim 507 
wherein the controller specifies a 

^targeted electrical resistivity for the 
ultrafiltration membrane. 

509. A system according to claim 508 
wherein the targeted electrical 

resistivity is greater than about 500 ohm -cm. 

510. A system according to claim 508 
wherein the targeted electrical 

resistivity is less than about 500 ohm -cm. 

511. A system according to claim 48 5 or 
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486 

wherein the porous material comprises a 
microporous membrane. 

512. A system according to claim 511 
wherein the controller specifies a 

targeted electrical resistivity for the 
microporous membrane. 

513. A system according to claim 512 
wherein the targeted electrical 

resistivity is greater than about 500 ohm- cm. 

514 . A system according to claim 512 
wherein the targeted electrical 

resistivity is less than about 500 ohm -cm. 

515. A system according to claim 485 or 

486 

wherein the controller specifies an 
interior pressure for the interior area less than 
bubble point value of the porous material. 

516. A system for ablating body tissue 
comprising 

an electrode including a wall adapted to 
contact tissue, the wall surrounding an interior 
area, a lumen to convey a medium containing ions 
into the interior area, the wall of the electrode 
comprising spaced apart first and second zones of 
porous material, each sized to pass ions contained 
in the medium, 

a generator of electrical ablation energy 
coupled to the medium in the interior area of the 
electrode to transmit electrical ablation energy 
for ionic transport through the medium and the 
first and second zones of porous material to 
15 tissue, 

first and second sensing elements carried 
by the wall proximal to, respectively, the first 
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and second zones of porous material to sense 
temperature , and 

a controller coupled to the generator and 
the first and second sensing elements to govern 
transmission of electrical ablation energy to the 
medium based, at least in part, upon temperatures 
sensed by the first and second sensing elements. 

517. A system according to claim 516 
wherein the controller specifies a 

targeted electrical ablation energy power level 
delivered to the medium based, at least in part, 
upon temperature sensed by at least one of the 
sensing elements. 

518. A system according to claim 516 
wherein the controller specifies a duty 

cycle for the ionic transport of electrical 
ablation energy through the first and second zones 
of porous material based, at least in part, upon 
temperatures sensed by the first and second 
sensing elements. 

519. A system according to claim 517 
wherein the controller delivers 

electrical ablation energy by ionic transport 
through the first and second zones of porous 
material in pulses. 

520. A system according to claim 516 
wherein the controller specifies a 

targeted maximum temperature condition to be 
sensed by the first and second sensing elements 
while the electrode ionically transmits ablation 
energy . 

521. A system according to claim 520 
wherein the controller periodically 

compares temperatures sensed by the first and 
second sensing elements to the targeted maximum 
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temperature condition and generates a command to 
govern ionic transport through the first and 
second porous zones based, at least in part, upon 
the comparison. 

522. A system according to claim 520 
wherein the controller includes an 

element for inputting a desired therapeutic result 
including at least a targeted lesion depth. 

523. A system according to claim 522 
wherein the controller includes 

processing means for specifying an operating 
condition based upon the desired therapeutic 
result including establishing a targeted maximum 
temperature condition to be sensed by the first 
and second sensing elements while the electrode 
ionically transmits ablation energy. 

524. A system according to claim 523 
wherein the controller periodically 

compares temperatures sensed by the first and 
second sensing elements to the targeted maximum 
temperature condition and generates a command to 
govern ionic transport through the first and 
second porous zones based, at least in part, upon 
the comparison. 

525. A system according to claim 522 
wherein at least one of the zones of 

porous material comprises an ultrafiltration 
membrane . 

526. A system according to claim 516 
wherein at least one of the zones of 

porous material comprises a microporous membrane. 

527. A system according to claim 516 
wherein the controller specifies an 

interior pressure for the interior area less than 
bubble point value of the porous material. 
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SURGICAL PROBE FOR SUPPORTING INFLATABLE THERAPEUTIC DEVICES 



BACKGROUND OF THE INVENTIONS 
1 . Field of Inventions 

The present inventions relate generally to surgical probes that support 
therapeutic devices in contact with body tissue. 
5 2. Description of the Related Art 

There are many instances where diagnostic and therapeutic elements 
must be inserted into the body. One instance involves the treatment of cardiac 
conditions such as atrial fibrillation and atrial flutter which lead to an 
unpleasant, irregular heart beat, called arrhythmia. 

10 Normal sinus rhythm of the heart begins with the sinoatrial node (or 

M SA node") generating an electrical impulse. The impulse usually propagates 
uniformly across the right and left atria and the atrial septum to the 
atrioventricular node (or "AV node"). This propagation causes the atria to 
contract in an organized way to transport blood from the atria to the 

1 5 ventricles, and to provide timed stimulation of the ventricles. The AV node 
regulates the propagation delay to the atrioventricular bundle (or "HIS" 
bundle). This coordination of the electrical activity of the heart causes atrial 
systole during ventricular diastole. This, in turn, improves the mechanical, 
function of the heart. Atrial fibrillation occurs when anatomical obstacles in the 

20 heart disrupt the normally uniform propagation of electrical impulses in the 
atria. These anatomical obstacles (called "conduction blocks") can cause the 
electrical impulse to degenerate into several circular wavelets that circulate 
about the obstacles. These wavelets, called "reentry circuits," disrupt the 
normally uniform activation of the left and right atria. 

25 Because of a loss of atrioventricular synchrony, the people who suffer 

from atrial fibrillation and flutter also suffer the consequences of impaired 
hemodynamics and loss of cardiac efficiency. They are also at greater risk of 
stroke and other thromboembolic complications because of loss of effective 
contraction and atrial stasis. 



WO 02/47566 

r 



PCT/EP01/14347 



One surgical method of treating atrial fibrillation by interrupting 
pathways for reentry circuits is the so-called "maze procedure" which relies on 
a prescribed pattern of incisions to anatomically create a convoluted path, or 
maze, for electrical propagation within the left and right atria. The incisions 
5 direct the electrical impulse from the SA node along a specified route through 
all regions of both atria, causing uniform contraction required for normal atrial 
transport function. The incisions finally direct the impulse to the AV node to 
activate the ventricles, restoring normal atrioventricular synchrony. The 
incisions are also carefully placed to interrupt the conduction routes of the 

10 most common reentry circuits. The maze procedure has been found very 
effective in curing atrial fibrillation. However, the maze procedure is 
technically difficult to do. 

Maze-like procedures have also been developed utilizing catheters 
which can form lesions on the endocardium (the lesions being 1 to 15 cm in 

15 length and of varying shape) to effectively create a maze for electrical 
conduction in a predetermined path. The formation of these lesions by soft 
tissue coagulation (also referred to as "ablation") can provide the same 
therapeutic benefits that the complex incision patterns that the surgical maze 
procedure presently provides. 

20 Catheters used to create lesions typically include a relatively long and 

relatively flexible body portion that has a soft tissue coagulation electrode on 
its distal end and/or a series of spaced tissue coagulation electrodes near the 
distal end. The proximal end of the flexible body is typically connected to a 
handle which includes steering controls. The portion of the catheter body 

25 portion that is inserted into the patient is typically from 58.4 cm to 139.7 cm in 
length and there may be another 20.3 cm to 38.1 cm, including a handle, 
outside the patient. The length and flexibility of the catheter body allow the 
catheter to be inserted into a main vein or artery (typically the femoral artery), 
directed into the interior of the heart, and then manipulated such that the 

30 coagulation electrode contacts the tissue that is to be ablated. Linear and 
curvilinear lesions can then be created by dragging a single electrode or by 
applying power (preferably simultaneously) to the series of spaced electrodes. 
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Catheter-based soft tissue coagulation has proven to be a significant 
advance in the medical arts generally and in the treatment of cardiac 
conditions in particular. Nevertheless, the inventors herein have determined 
that catheter-based procedures are not appropriate in every situation and that 
5 conventional catheters are not capable of reliably forming ail types of lesions. 
For example, one lesion that has proven to be difficult to form with 
conventional catheter devices is the circumferential lesion that is used to 
isolate the pulmonary vein and cure ectopic atrial fibrillation. Lesions that 
isolate the pulmonary vein may be formed within the pulmonary vein itself or 

10 in the tissue surrounding the pulmonary vein. These circumferential lesions 
are formed by dragging a tip electrode around the pulmonary vein or by 
creating a group of interconnected curvilinear lesions one-by-one around the 
pulmonary vein. Such techniques have proven to be less than effective 
because they are slow and gaps of conductive tissue can remain after the 

15 procedure. It can also be difficult to achieve the adequate tissue contact with 
conventional catheters. 

Accordingly, the inventors herein have determined that a need exists 
for structures that can be used to create circumferential lesions within br 
around bodily orifices and, in the context of the treatment of atrial fibrillation, 

20 within or around the pulmonary vein. 

Another instance where therapeutic elements are inserted into the body 
is the treatment of tumors, such as the cancerous tumors associated with breast 
cancer and liver cancer. Heretofore, tumors have been treated with highly toxic 
drugs that have proven to have severe side effects. More recently, devices 

25 including a plurality of needle-like electrodes have been introduced. The needle- 
like electrodes may be directed into the tumor tissue and used to deliver RF 
energy. The associated current flow heats the tissue and causes it to coagulate. 

The inventors herein have determined that there are a number of 
shortcomings associated with the use of needle-like electrodes to coagulate 

30 tissue. Most notably, the needle-like electrodes produce non-uniform, shallow 
lesions and/or spot lesions and also fail to coagulate the entire volume of tumor 
tissue. This failure can ultimately result in the tumor growing to be even larger 
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than its original size. The needle-like electrodes can also cause tissue charring. 
Moreover, tissue tends to shrink around the needle-like electrodes during the 
coagulation process. This makes it very difficult to withdraw the electrodes from 
the patient and often results in tissue trauma. 

Accordingly, the inventors herein have determined that a need exists for 
a device that can completely and uniformly coagulate large volumes of tissue 
without charring and can also be removed from the patient without the difficulty 
associated with needle-like electrodes. 

SUMMARY OF THE INVENTION 

Accordingly, the general object of the present inventions is to provide a 
device that avoids, for practical purposes, the aforementioned problems. In 
particular, one object of the present inventions is to provide a device that can be 
used to create circumferential lesions in or around the pulmonary vein and 
other bodily orifices in a more efficient manner than conventional apparatus. 

In order to accomplish some of these and other objectives, a surgical 
probe in accordance with one embodiment of a present invention includes a 
relatively short shaft and an inflatable therapeutic element associated with the 
distal portion of the shaft. In a preferred embodiment, the therapeutic element 
will be configured so that it can form a continuous lesion around a pulmonary 
vein. 

Such a probe provides a number of advantages over conventional 
apparatus. For example, the present surgical probe may be used during open 
heart surgery or in less invasive procedures where access to the heart is 
obtained via a thoracostomy, thoracotomy or median sternotomy. The 
relatively short shaft and manner in which access is obtained allows the 
therapeutic element to be easily inserted into the heart and placed against the 
target tissue with the desired level of contact, thereby eliminating many of the 
problems associated with catheter-based procedures. Moreover, the present 
therapeutic element may be used to form lesions in an annular region of 
tissue within or around the pulmonary vein (or other orifice in other 
procedures) in one step, thereby eliminating the need to either drag a tip 
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electrode around an annular region or form a number of interconnected 
curvilinear lesions that is associated with catheter-based procedures. 

Additionally, in accordance with a preferred embodiment, the flexibility 
of the inflatable therapeutic element may be varied as appropriate. This allows 
the physician to achieve the appropriate level of tissue contact, even when the 
shaft is not perfectly perpendicular to the target tissue area, the target tissue 
area is somewhat uneven, or the target tissue has become rigid due to 
calcification. 

In accordance with another preferred embodiment, the inflatable 
therapeutic element will be configured such that it can be inserted into a tumor 
(or other target location), inflated and then used to uniformly coagulate the 
entire tumor (or a large volume of tissue associate with the other location) 
without charring. Once the coagulation procedure is complete, the inflatable 
therapeutic element can be deflated and removed from patient without the 
difficulty and trauma associated with needle-like electrodes. 

In order to accomplish some of these and other objectives, a surgical 
probe in accordance with one embodiment of a present invention includes 
hollow needle and a therapeutic assembly, located within the hollow needle and 
movable relative thereto, having a relatively short shaft and an inflatable 
therapeutic element associated with the distal portion of the shaft. The hollow 
needle may be used to pierce through tissue to enter a target location such as 
a tumor. Prior to coagulation, the hollow needle may be withdrawn and the 
inflatable therapeutic element held in place within the tumor. The therapeutic 
element may then be inflated and the tissue coagulated. When the 
coagulation procedure is complete, the therapeutic element may be deflated 
and withdrawn back into the hollow needle. 

In order to accomplish some of these and other objectives, a surgical 
probe in accordance with one embodiment of a present invention includes one 
or more needles having inflatable porous therapeutic elements mounted 
thereon. The needles may be directed into tissue, such as tumor tissue for 
example, in a manner similar to conventional needle electrodes. Here, 
however, conductive fluid within the inflatable porous therapeutic elements will 
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draw heat away from the therapeutic element and the adjacent tissue. Such 
heat transfer results in the formation of relatively deep, large volume lesions 
without the charring and coagulation associated with conventional needle 
electrodes. 

The above described and many other features and attendant advantages 
of the present inventions will become apparent as the inventions become better 
understood by reference to the following detailed description when considered in 
conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Detailed description of preferred embodiments of the inventions will be 
made with reference to the accompanying drawings. 

Figure 1 is a side view of a surgical probe in accordance with a 
preferred embodiment of a present invention. 

Figure 2 is a section view taken along line 2-2 in Figure 1 . 

Figure 3 is a cutaway view of the distal portion of the exemplary 
surgical probe illustrated in Figure 1. 

Figure 4 is a front view of the exemplary surgical probe illustrated in 
Figure 1. 

Figure 5 is a section view taken along line 5-5 in Figure 3. 

Figure 6 is rear view of the exemplary surgical probe illustrated in 
Figure 1 with the fluid lumens removed. 

Figure 7 is a side view showing the exemplary surgical probe illustrated 
in Figure 1 connected to a fluid supply and a power supply. 

Figure 8 is a side view of a surgical probe in accordance with a 
preferred embodiment of a present invention. 

Figure 9 is a side view of a surgical probe in accordance with a 
preferred embodiment of a present invention. 

Figure 10 is a partial section view of the distal portion of the surgical 
probe illustrated in Figure 9. 

Figure 1 1 is a side view of the distal portion of a surgical probe in 
accordance with a preferred embodiment of a present invention. 

Figure 12 is a side view of a surgical probe in accordance with a 
preferred embodiment of a present invention. 

Figure 13 is an enlarged view of one of the needles in the surgical 
probe illustrated in Figure 12. 

Figure 14 is a partial section view of a portion of one of the needles in 
the surgical probe illustrated in Figure 12. 

Figure 15 is a section view taken along line 15-15 in Figure 13. 

Figure 16 is a section view taken along line 16-16 in Figure 13. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following is a detailed description of the best presently known modes 
of carrying out the inventions. This description is not to be taken in a limiting 
sense, but is made merely for the purpose of illustrating the general principles of 
the inventions. 

This specification discloses a number of probe structures, mainly in the 
context of cardiac ablation, because the structures are well suited for use with 
myocardial tissue. For example, the present inventions are designed to 
produce intimate tissue contact with target substrates associated with 
arrhythmias such as atrial fibrillation. One application is the creation of lesions 
within or around the pulmonary vein to treat ectopic atrial fibrillation. 
Nevertheless, it should be appreciated that the structures are applicable for 
use in therapies involving other types of soft tissue. For example, various 
aspects of the present inventions have applications in procedures concerning 
other regions of the body such as the prostate, liver, brain, gall bladder, uterus 
and other solid organs. 

As illustrated for example in Figures 1-7, a surgical probe 10 in 
accordance with a preferred embodiment of a present invention includes a 
relatively short shaft 12, an inflatable therapeutic element 14 and a handle 16. 
The relatively short shaft 12 will typically be between 10.1 cm and 45.7 cm in 
length, and is preferably about 17.8 cm in length, while the outer diameter of the 
shaft is preferably between about 6 and 24 French. 

Force is applied through the shaft 12 in order to achieve the appropriate 
level of tissue contact. Thus, the shaft 12 should be sufficiently strong to prevent 
collapse when the force is applied and is preferably relatively stiff. As used 
herein the phrase "relatively stiff ' means that the shaft 12 (or other structural 
element) is either rigid, malleable, or somewhat flexible. A rigid shaft cannot be 
bent. A malleable shaft is a shaft that can be readily bent by the physician to a 
desired shape, without springing back when released, so that it will remain in 
that shape during the surgical procedure. Thus, the stiffness of a malleable shaft 
must be low enough to allow the shaft to be bent, but high enough to resist 
bending when the forces associated with a surgical procedure are applied to the 
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shaft. A somewhat flexible shaft will bend and spring back when released. 
However, the force required to bend the shaft must be substantial. Rigid and 
somewhat flexible shafts are preferably formed from stainless steel, while 
malleable shafts are formed from fully annealed stainless steel. 

In the illustrated embodiment, the shaft 12 consists of a hypotube 18 with 
an outer polymer jacket 20 and includes a proximal portion 22 and a distal 
portion 24, both of which are malleable. The proximal portion 22 is, however, 
stiffer than the distal portion 24. The proximal portion 22 is also longer (about 
1 1 .5 cm) than the distal portion 24 (about 6.4 cm). 

One method of quantifying the flexibility of a shaft, be it shafts in 
accordance with the present inventions or the shafts of conventional catheters, 
is to look at the deflection of the shaft when one end is fixed in cantilever fashion 
and a force normal to the longitudinal axis of the shaft is applied somewhere 
between the ends. Such deflection (a ) is expressed as follows: 

a = WX 2 (3L-X)/6EI 

where: 

W is the force applied normal to the longitudinal axis of the shaft, 
L is the length of the shaft, 

X is the distance between the fixed end of the shaft and the applied force, 

E is the modulous of elasticity, and 

I is the moment of inertia of the shaft. 
When the force is applied to the free end of the shaft, deflection can be 
expressed as follows: 

a = WL 3 /3EI 

Assuming that W and L are equal when comparing different shafts, the 
respective E and I values will determine how much the shafts will bend. In other 
words, the stiffness of a shaft is a function of the product of E and I. This product 
is referred to herein as the "bending modulus." E is a property of the material 
that forms the shaft, while I is a function of shaft geometry, wall thickness, etc. 
Therefore, a shaft formed from relatively soft material can have the same 
bending modulus as a shaft formed from relatively hard material, if the moment 
of inertia of the softer shaft is sufficiently greater than that of the harder shaft. 
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For example, a relatively stiff 5.1 cm shaft (either malleable or somewhat 
flexible) would have a bending modulus of at least approximately 28 N-cm 2 (1 
lb.-in. 2 ). Preferably, a relatively stiff 5.1 cm shaft will have a bending modulus of 
between approximately 86 N-cm 2 (3 lb.-in. 2 ) and approximately 1435 N-cm 2 (50 
lb.-in. 2 ). By comparison, 5.1 cm piece of a conventional catheter shaft, which 
must be flexible enough to travel through veins, typically has bending modulus 
between approximately 2.8 N-cm 2 (0.1 lb.-in 2 ) and approximately 8.6 N-cm 2 (0.3 
lb.-in. 2 ). It should be noted that the bending modulus ranges discussed here are 
primarily associated with initial deflection. In other words, the bending modulus 
ranges are based on the amount offeree, applied at and normal to the free end 
of the longitudinal axis of the cantilevered shaft, that is needed to produce 2.5 
cm of deflection from an at rest (or no deflection) position. 

As noted above, the deflection of a shaft depends on the composition 
of the shaft as well as its moment of inertia. The shaft could be made of 
polymeric material, metallic material or a combination thereof. By designing 
the shaft 12 to be relatively stiff (and preferably malleable), the present 
surgical probe is better adapted to the constraints encountered during the 
surgical procedure. The force required to bend a relatively stiff 5.1 cm long 
shaft should be in the range of approximately 6.7 N (1 .5 lbs.) to approximately 
53.4 N (12 lbs.). By comparison, the force required to bend a 5.1 cm piece of 
conventional catheter shaft should be between approximately 0.9 N (0.2 lb.) to 
1.1 N (0.25 lb.). Again, such force values concern the amount offeree, applied 
at and normal to the free end of the longitudinal axis of the cantilevered shaft, 
that is needed to produce 2.5 cm of deflection from an at rest (or no deflection) 
position. 

Ductile materials are preferable in many applications because such 
materials can deform plastically before failure. Materials are classified as 
either ductile or brittle, based upon the percentage of elongation before 
failure. A material with more than 5 percent elongation prior to fracture is 
generally considered ductile, while a material with less than 5 percent 
elongation prior to fracture is generally considered brittle. 
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Alternatively, the shaft 12 could be a mechanical component similar to 
shielded (metal spiral wind jacket) conduit or flexible Loc-Line®, which is a 
linear set of interlocking ball and socket linkages that can have a center 
lumen. These would be hinge-like segmented sections linearly assembled to 
make the shaft. 

Turning to Figures 3 and 4, the exemplary inflatable therapeutic element 
14 is formed from an electrically non-conductive or semi-conductive 
thermoplastic or thermosetting plastic material and includes a forward facing 
porous region 26 having micropores 28 and non-porous regions 30. Fluid 
pressure is used to inflate the therapeutic element 14 and maintain it in its 
expanded state in the manner described below. The fluid used to fill the 
therapeutic element 14 is an electrically conductive fluid that establishes an 
electrically conductive path to convey RF energy from the porous region 26 to 
tissue. 

Although other shapes (such as oval, triangular and rectangular) and 
sizes may be employed, the exemplary inflatable therapeutic element 14 is 
substantially circular in cross section has a diameter between about 1.0 cm to 
about 3.0 cm at its widest point when inflated. A preferred inflated diameter is 
about 1.5 cm. The forward facing porous region 26, which will have a width of 
about 1 mm to about 6 mm, is perpendicular to the longitudinal axis of the shaft 
12. Such shapes and sizes are well suited for use with pulmonary veins 
because they allow the porous region 26 to be placed directly in contact with 
the targeted tissue area by a physician during open heart surgery. 
Nevertheless, other inflatable therapeutic element configurations, such as 
those where the entire forward facing half is porous, a solid circular portion of 
the forward facing half is porous, or the entire element is porous, may be 
employed as applications dictate. 

Referring more specifically to Figure 3, an electrode 32 is carried within 
the exemplary inflatable therapeutic element 14. The electrode 32 should be 
formed from material with both relatively high electrical conductivity and 
relatively high thermal conductivity. Suitable materials for the electrode 32, the 
length of which preferably ranges from about 1 mm to 6 mm, include gold, 
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platinum, and platinum/iridium. Noble metals are preferred. The micropores 
28 establish ionic transport of the tissue coagulating energy from the 
electrode 32 through the electrically conductive fluid to tissue outside the 
therapeutic element 1 4. 
5 The electrically conductive fluid preferably possesses a low resistivity 

to decrease ohmic loses and thus ohmic heating effects within the therapeutic 
element 14. The composition of the electrically conductive fluid can vary. A 
hypertonic saline solution, having a sodium chloride concentration at or near 
saturation, which is about 20% weight by volume is preferred. Hypertonic 

10 saline solution has a low resistivity of only about 5 ohm-cm, compared to 
blood resistivity of about 150 ohm-cm and myocardial tissue resistivity of 
about 500 ohm-cm. Alternatively, the fluid can be a hypertonic potassium 
chloride solution. This medium, while promoting the desired ionic transfer, 
requires closer monitoring of the rate at which ionic transport occurs through 

15 the micropores 28, to prevent potassium overload. When hypertonic 
potassium chloride solution is used, it is preferred to keep the ionic transport 
rate below about 1 mEq/min. I 
Due largely to mass concentration differentials across the micropores 
28, ions in the conductive fluid will pass into the pores because of 

20 concentration differential-driven diffusion. Ion diffusion through the micropores 
28 will continue as long as a concentration gradient is maintained across the 
therapeutic element 14. The ions contained in the micropores 28 provide the 
means to conduct current across the therapeutic element 14. When RF energy 
is conveyed from a RF power supply and control apparatus to the electrode 

25 32, electric current is carried by the ions within the micropores 28. The RF 
currents provided by the ions result in no net diffusion of ions, as would occur 
if a DC voltage were applied, although the ions do move slightly back and 
forth during the RF frequency application. This ionic movement (and current 
flow) in response to the applied RF field does not require perfusion of fluid 

30 through the micropores 28. The ions convey RF energy through the 
micropores 28 into tissue to a return electrode, which is typically an external 
patch electrode (forming a unipolar arrangement). Alternatively, the 
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transmitted energy can pass through tissue to an adjacent electrode (forming 
a bipolar arrangement). The RF energy heats tissue (mostly ohmically) to 
coagulate the tissue and form a lesion. 

The temperature of the fluid is preferably monitored for power control 
purposes. To that end, a thermistor 34 may be mounted within the exemplary 
therapeutic element 14. Other temperature sensing devices, such as a 
thermocouple and reference thermocouple arrangement, may be employed in 
place of or in addition to the thermistor 34. As illustrated for example in 
Figures 1-3, 6 and 7, the electrode 32 and thermistor 34 are respectively 
connected to an electrical connector 36 in the handle 16 by conductors 38 
and 40 which extend through the shaft 12. The probe 10 may be connected to 
a suitable RF power supply and control apparatus 41 by a connector 43 that 
mates with the electrical connector 36. The handle 16 is provided with an 
opening 42 for this purpose. 

The exemplary probe 1 0 may operate using a relatively simple control 
scheme wherein lesions are formed by supplying power to the electrode 32 at 
a predetermined level for a predetermined period of time. When forming 
pulmonary vein lesions, for example, about 35 watts for a period of about 120 
seconds is preferred. Should the temperature within the inflatable therapeutic 
element 14 exceed 90°C, power will be cut off by the control apparatus 41. 

Accurate placement of the therapeutic element 14, particularly the 
porous region 26, is also important and color may be used to make it easier 
for the physician to accurately position the therapeutic element. The porous 
region 26 may be one color while the non-porous regions 30 may be another 
color. Alternatively, or in addition, the porous region 26 may be relatively clear 
and the non-porous regions 30 may be relatively opaque. These properties 
may also be reversed. In one exemplary implementation, the porous region 26 
may be substantially clear and colorless, while the non-porous regions 30 
may be a relatively opaque blue color. This arrangement results in the porous 
region 26 being a clear, colorless ring that is readily visible to the physician. 

The exemplary therapeutic element 14 is provided with a stabilizing 
structure 44 (Figure 3). The stabilizing structure 44 preferably includes a flexible, 



WO 02/47566 



PCT/EP01/14347 



14 

non-conductive tubular member 46 and a tip member 48 on the distal end of the 
tubular member. The flexibility of the tubular member 46, which supports the 
electrode 32 and thermistor 34 and also provides passage for the conductors 38 
and 40, prevents tissue perforation. Tip member 48 includes a blunt distal 
surface that prevents tissue perforation. During assembly, the proximal end of 
the tubular member 46 may be secured within the distal end of the shaft 12 with 
a suitable adhesive material 50 (such as cyanoacrylate) in the manner 
illustrated in Figure 5. 

The exemplary therapeutic element 14 illustrated in Figure 3 is molded 
such that the inner diameter of its proximal end 52 closely corresponds to the 
outer diameter of the shaft 12 and the inner diameter of its distal end 54 
closely corresponds to the outer diameter of tip member 48. The polymer 
coating 20 may be removed from the distal tip of the shaft 12 prior to 
assembly (as shown) or left in place and the therapeutic element proximal end 
52 positioned thereover. Cyanoacrylate or another suitable adhesive material 
may be used to secure the therapeutic element proximal and distal ends 52 
and 54 in place and provide fluid tight seals. 

With respect to materials, the porous region 26 is preferably formed 
from regenerated cellulose or a microporous elastic polymer. Hydro-Fluoro M 
material is another exemplary material. Materials such as nylons (with a 
softening temperature above 100°C), PTFE, PEI and PEEK that have 
micropores created through the use of lasers, electrostatic discharge, ion 
beam bombardment or other processes may also be used. Such materials 
would preferably include a hydrophilic coating. The micropores should be 
about 1 to 5 jam in diameter and occupy about 1% of the surface area of the 
porous region 26. A slightly larger pore diameter may also be employed. 
Because the larger pore diameter would result in significant fluid transfer 
through the porous region, a saline solution having a sodium chloride 
concentration of about 0.9% weight by volume is preferred. 

The non-porous regions are preferably formed from relatively elastic 
materials such as silicone and polyisoprene. However, other less elastic 
materials, such as Nylon®, Pebax®, polyethylene, polyesterurethane and 
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polyester, may also be used. Here, the inflatable therapeutic element 14 may 
be provided with creased regions that facilitate the collapse of the porous 
electrode. 

Additional information and examples of expandable and collapsible 
bodies are disclosed in U.S. Patent application Serial No. 08/984,414, entitled 
"Devices and Methods for Creating Lesions in Endocardial and Surrounding 
Tissue to Isolate Arrhythmia Substrates," U.S. Patent No. 5,368,591, and U.S. 
Patent No. 5,961,513, each of which is incorporated herein by reference. 

The therapeutic element 14 will typically be filled with conductive fluid 
prior to insertion of the surgical probe 10 into the patient. As illustrated for 
example in Figures 2, 5, 6 and 7, the conductive fluid is supplied under 
pressure to the inflatable therapeutic element 14 by way of an infusion lumen 
56. The fluid exits the therapeutic element 14 by way of a ventilation lumen 
58. The infusion and ventilation lumens 56 and 58 extend from the distal end 
of the shaft 12 and through a pair of apertures 60 and 62 in the handle 16. 
The proximal ends of the infusion and ventilation lumens 56 and 58 are 
provided with on-off valves 64 and 66, which may be connected to the 
infusion and ventilation lines 68 and 70 of a fluid supply device 72 such as, for 
example, an infusion pump capable of variable flow rates. 

In a preferred implementation, the conductive fluid is continuously 
infused and ventilated (at a rate of about 4-8 miis/minute for a therapeutic 
element 14 that is about 1.5 cm in diameter). Thus, in addition to inflating the 
therapeutic element 14 and providing a conductive path from the electrode 32 
to the tissue, the fluid cools the therapeutic element so that heat is only 
generated within the tissue by virtue of the passage of current therethrough. 

The pressure of the fluid supplied by the fluid supply device 72 within 
the therapeutic element 14 should be relatively low (less than 20 psi) and may 
be varied by the fluid supply device in accordance with the desired level of 
inflation, strength of materials used and the desired degree of flexibility. The 
pressure, which is a function of the fluid flow rate, may be increased by 
increasing the fluid flow rate and decreased by decreasing the fluid flow rate. 
The desired pressure may be input into the fluid supply device 72 and 
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pressure regulation may be performed automatically by a controller within the 
fluid supply device which varies the flow rate as appropriate. Alternatively, the 
flow rate (and pressure) may be varied manually by the physician. 

Pressure within the therapeutic element 14 may be monitored in a 
variety of ways. For example, flow through the infusion and ventilation lumens 
56 and 58 may be cut off for a brief period (about 1 second) so that the fluid 
pressure can be measured by a pressure sensor 74 associated with the fluid 
supply device 72 (as shown) or with one of the valves 64 and 66. 
Alternatively, a pressure sensor lumen (not shown) that is filled with non- 
flowing fluid and extends from the interior of the therapeutic element 14 to the 
pressure sensor 74 associated with the fluid supply device 72, or to a 
pressure sensor associated with one of the valves 64 and 66, may be used 
without cutting off the fluid flow. 

Varying the level of pressure within the therapeutic element 14 allows 
the physician to achieve the appropriate level of tissue contact, even when the 
shaft 14 is not perfectly perpendicular to the target tissue area and when the 
target tissue area is somewhat uneven. For example, a stiffer therapeutic 
element 14 (which distorts the tissue) would be preferred when the pulmonary 
vein ostium is relatively circular and when the ostium tissue is relatively 
healthy and pliable. A more flexible therapeutic element 14 (which conforms 
to the tissue) would be preferred when the ostium is not circular and the 
ostium tissue is relatively calcified and rigid due to disease. The ability to vary 
the stiffness allows the physician to easily form a lesion that extends completely 
around the pulmonary vein or other bodily orifice by simply inserting the distal 
portion of the probe 10 into the patient, positioning the therapeutic element 14 
in or around the bodily orifice, and applying power. 

The present inventions are, of course, applicable to therapies in areas 
other than the treatment of atrial fibrillation. One such therapy is the treatment of 
tumors, such as the cancerous tumors associated with breast cancer and liver 
cancer. One example of a surgical probe that is well suited for the treatment of 
tumors is illustrated in Figure 8 and generally represented by reference numeral 
76. Surgical probe 76 is substantially identical to the probe 10 illustrated in 
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Figures 1-7. Here, however, the probe includes a therapeutic element 78 that 
is formed from the same material as microporous region 26 and is entirely 
covered with micropores 28. Although the size and shape will vary in 
accordance with the intended application, the exemplary therapeutic element 
5 78 is approximately 5 mm to 50 mm in length and has a diameter of about 10 
mm to 40 mm when inflated. 

The exemplary surgical probe 76 illustrated in Figure 8 may be 
introduced to a target location, such as within a cancerous tumor, using a 
variety of techniques. Such techniques include laparoscopic techniques where 

10 the probe will be introduced with a trocar, radially expandable port, or step 
trocar expandable port. The therapeutic element 78 should be deflated during 
the introduction process. Once the therapeutic element 78 is at the target 
location, it may be inflated and the tissue coagulated in the manner described 
above. The therapeutic element 78 will be deflated and removed from the 

15 patient by way of the trocar, radially expandable port, or step trocar 
expandable port when the coagulation procedure is complete. 

The exemplary therapeutic element 78, as well as the other therapeutic 
elements described below that are intended to be expanded within the tissue 
of solid organ tissue or expanded within other tissue (see Figures 9, 10 and 

20 12-16), may include larger pores than therapeutic elements that are expanded 
prior to use or expanded within a hollow region inside an organ or other 
portion of the body. Pore sizes up to 0.1 mm are acceptable. The larger pore 
sizes may be used because the tight fit between the tissue and the inflated 
therapeutic element that results from the inflation of the therapeutic element 

25 within solid tissue increases the effective flow resistance thrqugh the pores 
28. Additionally, the small amount of electrically conductive fluid leakage that 
may be associated with the use of larger pores will decrease ohmic losses 
and allow power to be increased without tissue charring and vaporization. 

Although its uses are not so limited, the exemplary surgical probe 80 

30 illustrated in Figures 9 and 10 is also particularly well suited for treating 
tumors. Surgical probe 80 includes a hollow needle 82, a movable therapeutic 
assembly 84 that consists of a shaft 12' and a therapeutic element 78', and a 
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movable stylet 86 that protects the therapeutic element. The therapeutic 
assembly 84 and stylet 86 may be independently moved proximally and 
distally relative to the hollow needle 82 with slidable knobs 88 and 90 
mounted on the handle 16'. 

Surgical probe 80 may be introduced into the patient through a trocar 
or any appropriate port and the hollow needle 82 used to pierce through 
tissue and enter a target location such as a tumor. The hollow needle 82 may, 
alternatively, be used to introduce the surgical probe 80 into the patient as 
well as to pierce through tissue and enter the target location. In either case, 
once within the tumor or other target location, the hollow needle 82 and stylet 
86 may be withdrawn while the therapeutic assembly 84 is held in place so 
that the therapeutic element 78' will remain within the target location. The 
therapeutic element 78' may then be inflated and the tissue associated with 
the target location coagulated in the manner described above. Once the 
coagulation procedure is complete, the therapeutic element 78' will be 
deflated so that the stylet 86 can be slid over the therapeutic element. Both 
will then be pulled back into the hollow needle 82 so that the probe 80 can be 
removed from the patient. ; ) 

The size, shapes and materials used to form the hollow needle 82, 
therapeutic assembly 84 and stylet 86 will vary in accordance with the 
intended application. 

With respect to tumor treatment, the exemplary hollow needle 82 is 
preferably linear, is between about 1 .3 cm and 7.6 cm in length, and has an 
outer diameter that is between about 2.0 mm and 6.4 mm and an inner 
diameter that is between about 1.5 mm and 5.8 mm. Suitable materials for the 
hollow needle 82, which is preferably either straight or has a preset curvature, 
include stainless steel and Nitinol. The shaft 12' is preferably straight 
(although it can have a curvature) and rigid (although it may be malleable) 
and the stiffness is uniform from one end to the other. Suitable materials 
include stainless steel, Nitinol and rigid polymers. The diameter is preferably 
between about 0.6 mm and 4.6 mm. The exemplary therapeutic element 78' is 
approximately 19 mm to 38 mm in length, a diameter of about 5 mm and 40 
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mm when inflated, with a wall thickness of about 0.025 mm to 0.250 mm. The 
stylet 86 may be formed from materials such as stainless steel and Nitinol and 
preferably has an outer diameter that is between about 1.4 mm and 5.7 mm 
and an inner diameter that is between about 1.1 mm and 5.2 mm. 

Turning to Figure 11, surgical probes in accordance with other 
embodiments of the present inventions, which are otherwise substantially 
identical to the probe 10 illustrated in Figures 1-7, may include a heated 
inflatable therapeutic element 92 in place of the porous therapeutic element 
14. The exemplary therapeutic element 92, which is supported on the distal 
end of the shaft 12 in essentially the same manner as therapeutic element 14, 
can be inflated with water, hypertonic saline solution, or other biocompatible 
fluids. The fluid may be supplied under pressure to the therapeutic element 92 
by the fluid supply device 72 in the manner described above. The pressure 
should be relatively low (less than 20 psi) and will vary in accordance with the 
desired level of inflation, strength of materials used and the desired level of 
flexibility. The fluid will preferably be continuously infused and ventilated for 
cooling purposes. Alternatively, the fluid may instead fill the therapeutic 
element, remain there to be heated, and then be ventilated after the lesion 
formation procedure has been completed. 

A fluid heating element is located within the therapeutic element 92. 
The fluid heating element is preferably an electrode (not shown) that may be 
formed from metals such as platinum, gold and stainless steel and mounted 
on the support structure 44. A bi-polar pair of electrodes may, alternatively, be 
used to transmit power through a conductive fluid, such as isotonic saline 
solution, to generate heat. The temperature of the fluid may be heated to 
about 90 °C, thereby raising the temperature of the exterior of the therapeutic 
element 92 to approximately the same temperature for tissue coagulation. It 
should be noted, however, that the therapeutic element 92 tends to produce 
relatively superficial lesions. 

Suitable materials for the exemplary therapeutic element 92 include 
relatively elastic thermally conductive biocompatible materials such as silicone 
and polyisoprene. Other less elastic materials, such as Nylon®, Pebax®, 
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polyethylene and polyester, may also be used. Here, the therapeutic element 
92 will have to be formed with fold lines. A temperature sensing element may 
also be provided. The heating electrode and temperature sensing element will 
be connected to the electrical connector 36 in the handle 18 by electrical 
conductors in the manner described above. Suitable power supply and control 
devices, which control power to based on a sensed temperature, are 
disclosed in U.S. Patent Nos. 5,456,682, 5,582,609 and 5,755,715. 

The exemplary therapeutic element 92 may also be used in conjunction 
with the surgical probes illustrated in Figures 8-10. 

As illustrated for example in Figures 12-16, a surgical probe 94 in 
accordance with a preferred embodiment of a present invention includes a 
plurality of tissue penetrating needles 96 that may be advanced outwardly 
from, and retracted back into, the distal end of a shaft 12 with a slidable knob 
98. The number of needles 96, which may be glued, clamped or otherwise 
secured to the slidable knob 98, preferably ranges from 1 to 25. Each of the 
needles 96 includes a main body 100, a sharpened tip 102 and an inflatable 
porous therapeutic element 104 with micropores 28. The materials used to 
form the therapeutic element 104, as well as the conductive fluid used 
therewith, are the same as those described above with respect to the porous 
region 26. Hydro-Fluoro M material may also be used. When inflated, a fluid 
circulation space 106 is defined between the main body 100 and the 
therapeutic element 104. An electrode 32 and a thermistor 34, which are 
positioned on the main body 100 within the space 106, are connected to the 
electrical connector 36 by conductors 38 and 40. 

Although other configurations may be employed, the exemplary tissue 
penetrating needles 96 preferably have the preset curvature illustrated in 
Figure 13 and will assume this curvature when they are advanced outwardly 
from the distal end of the shaft 12. To that end, suitable shape-memory 
materials for the needles 96 include stainless steel and Nitinol. It should be 
noted that the needles 96 do not each have to have the same curvatures or to 
even be curved at all. The needles 96 are preferably about 0.25 mm to 1 .25 
mm in. diameter and the curved region is about 2.5 cm in length, while the 
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diameter of the porous therapeutic element 104 is about 1 mm to 10 mm 
when inflated and the thickness of the porous material is about 0.025 mm to 
0.250 mm. In an implementation with six (6) needles 96, the probe 94 would 
produce a lesion that is about 2 cm to 3 cm deep and about 2 cm to 3 cm in 
diameter. 

The exemplary tissue penetrating needles 96 each include infusion and 
ventilation sub-lumens 108 and 110 with distal ends that respectively 
terminate at infusion and ventilation apertures 112 and 114 within the 
therapeutic element 104. The proximal ends of the infusion and ventilation 
sub-lumens 108 and 110 in each of the needles 96 are connected to the 
infusion lumen 56 and ventilation lumen 58 by a pair of suitable plumbing 
junctions located within the handle 16". 

It should be noted that, because the needles 96 are moved back and 
forth relative to the 12, the conductors 38 and 40 and sub-lumens 108 and 
1 1 0 should include some slack within the handle 1 6". 

In addition to conducting energy, the conductive fluid may be 
continuously infused and ventilated through the therapeutic elements 104 
such that it draws heat away from the therapeutic element and the tissue 
adjacent thereto. This results in the formation of relatively deep, large volume 
lesions (as compared to devices with conventional needle electrodes) without 
charring and coagulation. Cooling the therapeutic elements 104 and the 
adjacent tissue also greatly reduces the amount of time required to form a 
large volume lesion (as compared to devices with conventional needle 
electrodes) because higher power is provided when heat is removed from the 
area adjacent to the needles 96. 

Each of the devices described above may be operated in both low 
voltage modes and high voltage modes. In an exemplary low voltage mode, 
RF energy will be applied that has a waveform shape and duration that 
electrically heats and kills tissue in the target region. A typical lesion within the 
heart could formed by delivering approximately 150 watts of power for about 
10 to 120 seconds at a radio frequency of 500 kHz. Applied voltages may 
range from 60 to 100 volts rms. 
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Turning to high voltage modes, high voltage energy pulses can be 
used to kill, coagulate or otherwise modify tissue in at least three ways. For 
example, the creation of high voltage gradients within the tissue dielectrically 
breaks down tissue structures. In addition, ohmically heating tissue will 
5 coagulate tissue structures, while ohmically heating to very high temperatures 
will vaporize tissue. 

With respect to killing tissue through the dielectric breakdown of eel! 
membranes, relatively short (about 0.1 msec) high voltage (about 400 to 4000 
volts with 1000 volts being preferred) RF pulses that result in voltage 

10 gradients at or above 500 volts/cm being induced in tissue will accomplish the 
desired result. Turning to heating, a high voltage RF pulse (about 500 to 1200 
volts in magnitude and about 50 to 100 msec in duration) delivers relatively 
high power to tissue, thereby enabling very rapid heating. Because the tissue 
is heated rapidly, there is essentially no convective heat loss during power 

15 application. Tissue vaporization can be performed through the use of high 
voltage energy pulses with a pulse duration of about 250 msec to 1 sec. 
Additional information concerning high and low voltage tissue modification is 
provided in U.S. Patent No. 6,023,638, which is incorporated herein by 
reference. 

20 Although the present inventions have been described in terms of the 

preferred embodiments above, numerous modifications and/or additions to 
the above-described preferred embodiments would be readily apparent to one 
skilled in the art. It is intended that the scope of the present inventions extend 
to all such modifications and/or additions and that the scope of the present 

25 inventions is limited solely by the claims set forth below. 
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We claim: 



1 1 . A surgical probe, comprising: 

2 a relatively short shaft defining a distal portion and a proximal 

3 portion; and 

4 an inflatable therapeutic element associated with the distal 

5 portion of the shaft. 

1 2. A surgical probe as claimed in claim 1, wherein the relatively short 

2 shaft is relatively stiff. 

1 3. A surgical probe as claimed in claim 1, wherein the relatively short 

2 shaft is malleable. 

1 4. A surgical probe as claimed in claim 3, wherein the proximal 

2 portion of the relatively short shaft is stiffer than the distal portion of the relatively 

3 short shaft. 

1 5. A surgical probe as claimed in claim 1 , wherein at least a portion 

2 of the inflatable therapeutic element comprises micropores. 

1 6. A surgical probe as claimed in claim 1, wherein the inflatable 

2 therapeutic element includes a distally facing energy transmission region. 

1 7. A surgical probe as claimed in claim 6, wherein the energy 

2 transmission region is annularly shaped. 

1 8. A surgical probe as claimed in claim 7, wherein the energy 

2 transmission region surrounds a non-conductive region. 

1 9. A surgical probe as claimed in claim 6, wherein the inflatable 

2 therapeutic element includes a proximally facing non-conductive region. 



WO 02/47566 



PCT/EP01/14347 



24 

1 10. A surgical probe as claimed in claim 1, wherein the inflatable 

2 therapeutic element includes an energy transmission region and a non- 

3 conductive region and at least one of the energy transmission region and the 

4 non-conductive region define a color that visually distinguishes it from the other 

5 of the energy transmission region and the non-conductive region. 

1 11. A surgical probe as claimed in claim 1, wherein the inflatable 

2 therapeutic element is mounted on the distal portion of the shaft. 

1 12. A surgical probe as claimed in claim 1 , wherein the shaft defines a 

2 distal end, the surgical probe further comprising: 

3 a needle slidably mounted within the shaft and movable relative to 

4 the shaft such that a distal portion of the needle extends outwardly from the 

5 distal end of the shaft, the inflatable therapeutic element being mounted on the 

6 distal portion of the needle. 

1 13. A surgical probe as claimed in claim 12, wherein the needle 

2 comprises a plurality of needles and the inflatable therapeutic element 

3 comprises a plurality of inflatable therapeutic elements respectively mounted on 

4 the plurality of needles. 

1 14. A surgical probe as claimed in claim 12, wherein the distal portion 

2 of the needle defines a preset curvature. 

1 1 5. A surgical probe system, comprising: 

2 a surgical probe including a relatively short shaft defining a distal 

3 portion and a proximal portion and an inflatable therapeutic element 

4 associated with the distal portion of the shaft; and 

5 a fluid source operabfy connected to the inflatable therapeutic 

6 element and adapted to maintain pressure within the inflatable therapeutic 

7 element at a predetermined level. 
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16. A surgical probe system as claimed in claim 15, wherein the 
relatively short shaft is malleable. 

17. A surgical probe system as claimed in claim 15, wherein at least a 
portion of the inflatable therapeutic element comprises micropores. 

18. A surgical probe system as claimed in claim 15, wherein the 
inflatable therapeutic element includes a distally facing energy transmission 
region. 

19. A surgical probe system as claimed in claim 14, wherein the 
distally facing energy transmission region is annularly shaped. 

20. A surgical probe system as claimed in claim 19, wherein distally 
shaped energy transmission region surrounds a non-conductive region. 

21 . A surgical probe system as claimed in claim 19, further comprising 
a pressure sensor adapted to determine the pressure within the inflatable 
therapeutic element. 

22. A surgical probe system as claimed in claim 21, wherein the 
pressure sensor is associated with the fluid source. 

23. A surgical probe system as claimed in claim 19, wherein the fluid 
source comprises a pump. 

24. A surgical probe system as claimed in claim 19, wherein the fluid 
source continuously infuses fluid to and ventilates fluid from the inflatable 
therapeutic element. 

25. A surgical probe system as claimed in claim 15, wherein the 
inflatable therapeutic element is mounted on the distal portion of the shaft. 
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1 26. A surgical probe system as claimed in claim 15, wherein the shaft 

2 defines a distal end, the surgical probe further comprising: 

3 a needle slidably mounted within the shaft and movable relative to 

4 the shaft such that a distal portion of the needle extends outwardly from the 

5 distal end of the shaft, the inflatable therapeutic element being mounted on the 

6 distal portion of the needle. 

1 27. A surgical probe system as claimed in claim 26, wherein the 

2 needle comprises a plurality of needles and the inflatable therapeutic element 

3 comprises a plurality of inflatable therapeutic elements respectively mounted on 

4 the plurality of needles. 

1 28. A surgical probe system as claimed in claim 26, wherein the distal 

2 portion of the needle defines a preset curvature. 

1 29. A surgical probe, comprising: 

2 a hollow needle; and 

3 a therapeutic assembly, located within the hollow needle and 

4 movable relative thereto, including a relatively short shaft defining a distal 

5 portion and a proximal portion and an inflatable therapeutic element 

6 associated with the distal portion of the shaft. 
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